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Description 

The general invention pertains to selected N.N'.N"'-tris{2.4-bis[(1-hydrocarbyloxy-2,2.6.6-tetramethyIpiperidin- 
4*yl)aikytamino]-s-triazin-6-yl]*3.3'-ethylenediiminodipropyiamlnes. their pure isomers, and bridged derivatives and to 

5 polymer compositions stabilized therewith. 

The instant compounds, because of their low basicity, are of particular value in the stabilization of polymer com- 
positions where the activity of more basic hindered amine stabilizers is significantly reduced because of interaction 
with the polymer substrate. Examples of polyolefin compositions in which the instant compounds are particularly ef- 
fective include flame-retardant polyoiefins where acidic residues from the decomposition of habgenated flame retard- 

10 ants deactivate normal hindered amine stabilizers, greenhouse films and agricultural mulch films where acidic residues 
from pesticides interfere with the activity of normal hindered amine stabilizers, and thernrx>plastic polyoiefins where 
interactions with basic hindered amine stabilizers interfere with painting the substrate. 

Background of the Invention 

75 

N,N\N",N*-Tetrakis substituted hindered amines, which are described by fomnula I where flr^4 3''® ^» ^^ve 
been patented as less basic, non-interacting polymer stabilizers in various ambient and thermoset automotive coatings, 
polyolefin, and non-polyolefin applicalbns as taught in United States Patent Nos. 5,004,770; 5,096,950; 5,204.473; 
5,112,890 and 5,124,378; and in European Patent Application 309402 Al. Specifically, the preparation of hi, N\N',N"- 
20 telrakis{2,4-bis((1-cyclohexyloxy-2,2,6,6-tetramethylplperidin-4-yl)butylamino]-s-triazin-6-yl)-3.3*-ethylenediimin- 

odip ropy lam ine and its octyloxy analogue is described by Winter et al., respectively in Examples 62 and 67 of U.S. 
Patent Ne? 5,204,473. The same patent also claims the 1 -methoxy analogue in claim 25. None of the above patents 
contain any specific performance data on these tetra-substituted-s-trlazine hindered amine stabilizers in any organic 
substrate. 

25 The instant invention differs from the prior art in that the instant compounds have one unsubstituted nitrogen on 

the tetraamine backbone. Furthermore, none of the prior art. including U.S. Patent 5.015,682, which describes oligo- 
meric N-hydrocarbyloxy hindered amine stabilizers, discloses the bridged structures described by formulae II and III. 

Detailed Disclosure 

30 

The instant invention pertains to a mixture of N,N'.N"'-tris{2,4-bis[(1-hydrocarbyIoxy-2,2,6.6-tetramethyIpiperidin- 
4-yl)alkylamino]-s-triazin-6-yl)-3,3'-ethylenediiminodipropylamine; N,N'.NMris{2,4-bis((1-hydrocarbyloxy-2.2.6,6-te- 
tramethylpiperidin-4-yl)alkylamino]'S-triazin-6-yl)-3,3**ethylenediimrnodipropylamine. and bridged derivatives as de- 
scribed by formulas I, II, ItA and III 

35 

NH-CHgCHgCHgNRgCHgCHgNRjCHgCHgCHgNHR^ (I) 



T.E,-T, (II) 



T-E, (IIA) 

45 

G-E,-G,-Ei-G2 (III) 

Eis 

so 
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Where in the tetraamine of formula I, 

Ri and Rg are the s-triazine moiety E; and one of R3 and R4 is the s-triazine moiety E with the other of R, and Pu 
being hydrogen, a 



R is methyl, cyclohexyl or octyl, preferably cyclohexyl or octyl. 
Rg is alkyi of 1 to 12 carbon atoms, preferably n-butyl; 
^ where in the compound of fomiula II or MA when R is cyclohexyl or octyl. 

T and T, are each a tetraamine substituted by R,-R4 as defined for fomiula I. where 

( 1 ) one of the s-triazine moieties E in each tetraamine is replaced by the group E, which forms a bridge between 
the two tetraamines T and . or 

(2) the group E, can have both termini in the same tetraamine T as In formula II A where two of the E moieties 
of the tetraamine are replaced by one E, group, or 
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(3) all three s-triazine subslituents of tetraamine T can be such that one links T and and a second 
E, has both termini in tetraannine T, 

L is cyclohexanediyi or octanediyi; 

where in the compound of fomnula III 

G. Gi and are each tetraamines substituted by -R4 as defined for formula I, except that G and G2 each have 
one of the s-triazine moieties E replaced by Ei, and G^ has two of the triazine moieties E replaced by E^. so that there 
IS a bridge between G and G^ and a second bridge between Gi and G2. 

The compounds of formula I have two possible isomers assuming that there is no bridging between molecules 
These two isomers are outlined in the table befow. 
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The compound mixture of the invention is expediently prepared by reacting two to four equivalents of 2,4-bisr 
{1-hydrocarbyloxy-2,2,6,6-piperidin-4-yl)butylamino]r6-chloro-s-triazine with one equivalent of N,N'-bis(3-aminopro- 
pyl)ethylenediamine, especially by reacting 2-4 equivalents of a 2.4-bis[(1 -hydrocarbyloxy-2,2.6,6-tetramethylpiperld- 
in-4-yl)alkylamino]-6-chloro-8-triazine with 1 equivalent of N,N'-bis(3-aminopropyl)-ethylenediamine in a hydrocarbon 
solvent with an acid acceptor, such as aqueous sodium hydroxide, used to neutralize the hydrochloric acid produced 
in the reaction. The synthesis of various educts of the type 2.4-bi8((1 -»)ydrocarbyloxy-2.2,6.6-tetramethylplperidin-4-yl) 
alkylamino]-6-chloro-s-tria2ine is described in U.S. Patent Nos. 5,216,156 and 5,204,473. 

In a preferred process, 2.5 to three equivalents of the s-triazine. especially three equivalents of the s-triazine are 
reacted with one equivalent of the amine. 

The preferred method for synthesis of the2.4-bis[(1 -hydrocarbyloxy-2,2.6,6-tetra-methyipiperidin-4-yl)alkylamino]- 
6-chloro-s-tnazines is to heat a mixture of the corresponding hindered amine substituted 6-chloro-s-triazine with tert- 
butyl hydroperoxide, a metal oxide catalyst, and the appropriate hydrocarbon solvent until the red color of the nitroxyl 
intermediate is discharged as taught in U.S. Patent No. 4,921 ,962. In some instances, two nitroxyl radicals will couple 
with the same solvent molecule. This is the source of the bridged material depicted by formulae II and III as described 
above. The N-methoxy compounds of the instant invention do not contain these bridged structures because different 
synthetic methodology is used to generate 1 -methoxy substituted hindered amines. 

U.S. Patent No. 5,204,473 describes the introduction of a 1-cyclohexyloxy or 1-octyloxy.substituent on a tetra- 
substituled s-tnazlne hindered amine starting material. The instant tris-substHuted compounds differ from the tetra- 
substituted compounds of prior art because they are prepared by a different route as shown below. Even with the use 
of 4 equivalents of the chloro-s-triazine intermediate, the majority of the product mixture is tris-substituted The use of 
as little as 2 equivalents of the chloio-s-trlazine intermediate still gives some tris-substituted product. 

The term hydrocarbyloxy here stands mainly for methoxy, cyclohexyloxy oroctyloxy. In the compounds of formulae 
l-lll and thus the products of the present process, R is usually cyclohexyl or octyl. and in compounds of formula I 
additionally embraces methyl. 

Preferred is a mixture of compounds l-lll. wherein R is cyclohexyl or octyl. especially a mixture of N N' N*"-tris 
{2.4-bis[(l-cyclohexytoxy-2.2.6.6-telramethylpiperidin^-yl)n-butylamlno]-s-triazin-6-yl)-3,3^ethylenediiminodip^ 

pylamine;N.N',N'-lris{2,4-bis((1-cyclohexyloxy-2,2,6,6-letramelhylpiperidin-4-yl)n-butylamino]-s-triazin-6-yl}-3.3'.eth- 
yiene-diiminodipropylamine and bridged derivatives as described by formulas I. II, IIA and III 

Also 01 interest is a mixture of N,N',N'»-tris{2,4-bis((1-octyloxy-2,2,6,6-tetramethylpiperidin-4-yl)n-butylamlnol-s- 
tnazm-6-ylh3,3-ethylenediiminodipropylamine; N,N',N'-tris-{2.4-bis[{1-octyloxy-2,2.6.6-fetramethylpiperidin-4-yl)n- 
butylaminol-s-triazin-6-yl)-3.3'-ethylene-diiminodipropylamine and bridged derivatives as described by fomiulas I II 
IIA and III. Of techncal interest is also a mixture of N N",N-'-tris{2,4-bis[(l-methoxy-2,2,6.6-tetramethylpiperidin-4-yl) 
n.butylamino]-s-triazin-6-yl}.3,3'-ethylenediiminodipropylamine; N,N'.N'-tri8-{2.4-bi6l|1-methoxy-2.2.6,6-tetramethy|. 
pipendin-4-yl)n-butylaminoJ.8.triazin.6.yl}.3.3'-ethylenediiminodipropylamine and bridged derivatives as described by 
formulas I, II, IIA and III. 

Rg as alkyl embraces methyl, ethyl propyl such as n- or isopropyl, butyl such as n-, iso-, sec- and tert-butyl pentyl 
hexyl. heptyl. octyl. nonyl, decyl, undecyl, dodecyl; preferred is butyl, especially n-butyl 

Compounds of the formulae l-lll are especially well suitable as stabilizers for organic material against thermal 
oxidative Of light-nduced degradation: they are also active asflame retardants. Thus, the instant invention also pertains 
to a composition stabilized against thermal, oxidative or light-induced degradation which comprises 
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(a) an organic material subject to thermal, oxidative or light-induced degradation, and 

(b) an effective stabilizing amount of a compound of formula I. II, UA or III. 

Preferably, the organic material is a natural semi-synthetic or synthetic polymer, especially a thermoplastic poly- 
mer. ' 

Most preferably, the polymer is a polyolefin, a thermoplastic olefin or polycarbonate. Of utmost importance is a 
polyolefin, especially polyethylene or polypropylene. 

The compounds of this invention exhibit superior hydrolytic stability, handling and storage stability as well as qood 
resistance to extractability when present in a stabilized composition. 

The methodology to make the instant compounds is described in the prior art. The intermediates needed to make 
the instant compounds are largely items of commerce. 
In general polymers which can be stabilized include 

1 Polymers of monoolefins and diolefins. for example poVpropylene, polyisobutylene, polybut-1 -ene poly-4.meth- 
ylpent-1-ene, polyisoprene or polybutadiene, as well as polymers of cycloolefins. for instance of cyclopentene or 
norbomene, polyethylene (which optionally can be crosslinked). for example high density polyethylene (HOPE) 
low density polyethylene (LDPE). linear low density polyethylene (LLDPE). branched low density polyethylene 

Polydefins, i.e. the polymers of monoolefins exemplified in the preceding paragraph, preferably polyethylene 
and polypropylene, can be prepared by different, and especially by the following, methods: 

a) radical polymerisation (normally under high pressure and at elevated temperature). 

b) catalytic polymerisation using a catalyst that normally contains one or more than one metal of groups IVb 
Vb yib or VIII of the Periodic Table. These metals usually have one or more than one ligand. typically oxides' 
hahdes, alcohdates, esters, ethers, amines, alkyte. alkenyls. cycloalkenyl, cyclopentadienyl, andtor aryls that 
may be either n- or o-coordinated. These metal complexes may be in the free form or supported on substrates 
typically on activated magnesium chloride, titanium(lll) chtoride, alumina or silicon oxide. These catalysts may 
be soluble or insoluble in the polymerisation medium The catalysts can be used by themselves in the polym- 
erisation or further activators may be used, typically metal alkyls. metal hydrides, metal alkyi halides metal 
alM oxides or metal alkyloxanes. or compounds that afford non<oordinating anions such as trisfpentafluor- 
ophenyOboron. said metals being elements of groups la. Ha and/or Ilia of the Periodic Table The activators 
may be modified conveniently with further ester, ether, amine or silyl ether groups. These catalyst systems 
are usually termed Phillips. Standard Oil Indiana. Ziegler (-Natta). TNZ (DuPont). constrained- geometry cat- 
alyst technology CGCT (Dow), metallocene or single site catalysts (SSC). 

2. Mixtures of the polymers mentioned under 1). for example mixtures of polypropylene with polyisobutylene poV- 
rmTLSESS?ET'"'^'"''^"'''''''"°'''"^ 

3, Copolymers of monoolefins and diolefins with each other or with other vinyl monomers, for example ethylene/ 
propylene copolymers, linear low density polyethylene (LLDPE) andmixtures thereof with low density poVethvlene 

.K . P'^y«"«'but-1.ene copolymers, propylene/isobutylene copolymers. ethyleneA3ut-1 -ene copolymers 
ethyleneniexene copolymers, ethylene/methylpentene copolymers, ethylenemeptene copolymers, ethylene/oc- 
tene copolyniers, propylene/butadiene copolymers, isobutylene/isoprene copolymers, ethylene/alkyl acrylate co- 
pobffners, ethylene/alkyi methacrylate copolymers. ethyleneA«nyl acetate copolymers and their copolymers with 
Zv^Jf." '^^^"^'^ salts (ionomers) as well as .erpolym?rs of ethyleJe 

with propylene and a diene such as hexadiene, dicyclopenladiene or ethylidene-nort>omene; and mixtures of such 
copolymers with one another and with polymers mentk>ned in 1) above, for example polypropylene/ethylene-pro- 
tZ^XS^y. LLDpS'77' """^^^ "^""^ ^PE/ethX acry^c acid cSym^° 

5. Polystyrene. poly(p.methylstyrene). polyCa-methylstyrene). 
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6. Copolymers of styrene or a-methylstyrene with dienes or acrylic derivatives, for example slyrene/butadiene 
styrene/acrylonilrile. styrene/alkyl methacrylate. styrene/butadiene/alkyi aciylale. styrene/butadiene/alkyi meth- 
acrylate, styrene/maleic anhydride, styrene/acrylonltrila'methyl acrylate; rflixtures of high impact strength of sty- 
rene copolymere and another polymer, for example a polyacry late, a diene polymer or an ethylene/propylene/diene 
terpolymer. and block copolymers of styrene such as styrene/butadiene/styrene. styrene/isoprene/styrene sty- 
rene/ethylene/butylene/styrene or styrene/ethylene/propylene/ styrene. 

7. Graft copolymers of styrene or a-methylstyrene, for example styrene on polybutadiene, styrene on polybutadi- 
ene-styrene or polybutadiene-acrylonitrile copolymers; styrene and acrylonitrile {or methaciylonitrile) on polybuta- 
diene; styrene. acrylonitrile and methyl methacrylate on polybutadiene; styrene and maleic anhydrkJe on polyb- 
utadiene; styrene, acrylonitrile and maleic anhydr[de or nrialeimide on polybutadiene; styrene and malelmide on 
polybutadiene; styrene and alkyi acrylates or methacrylates on polybutadiene; styrene and acrylonitrile on ethyl- 
ene/propylene/diene terpolymers; styrene and acrylonitrile on polyalkyi acrylates or po^alkyl methacrylates sty- 
rene and acrytonitnle on aciylate/butadiene copolymers, as well as mixtures thereof with the copolymers listed 
under 6), for example the copolymer mixtures known as ABS, MBS, ASA or AES polymers. 

8. Halogen-containing polymers such as polychloroprene, chlorinated rubbers, chlorinated or sulfochlorinated pol- 
yethylene, copolymers of ethylene and chlorinated ethylene, epichlorohydrin homo- and copolymers, especially 
polymers of halogen-containing vinyl compounds, for example polyvinyl chloride, polyvinylldene chleride. polyvinyl 

I^?*"? '.''^'r'"^''"^"® ^ copolymers thereof such as vinyl chtorideA^inylidene chloride, vinyl 

chlondeArinyl acetate or vinylkJene chloride/vinyl acetate copolymers. 

9. Polymers derived fiom ccp-unsaturated acids and derivatives thereof euch as poVaciylates and polymethacr- 
ylates: polymethyl methacrylates. polyactylamides and polyacrylonitriles. impact-modified with butyl acrylate. 

10. Copolymers of the monomers mentfoned under 9) with each other or with other unsaturated monomers for 
example acrytonitnle/ butadiene copolymers, acrylonitrile/alkyi acrylate copolymers, acrylonitrile/alkoxyalkyi acr- 
ylate or acrylonitrlleA/inyl hafide copolymers or acrylonitrile/ alkyI methacrylate/butadiene terpolymers. 

11 . Polymers derived from unsaturated alcohols and amines or the acyl derivatives or acetals thereof for example 
poyvinyl alcohol, polyvinyl acetate, polyvinyl steaiate. polyvinyl benzoate. polyvinyl maleate. polyvinyl butyral 
polyallyl phthalate or polyallyl melamine; as well as their copolymers with olefins mentioned in 1) above. 

12. Hornopolymers and copolymers of cyclic ethers such as polyalkylene glycols, polyethylene oxide, polypropyl- 
ene oxide or copolymers thereof with bisglycidyl ethers. -K f'jr 

13. Polyacetals such as polyoxymethyleneand those polyoxymethylenes which contain ethylene oxideasacomon- 
omer; polyacetals modified with thermoplastic polyurethanes, acrylates or IWIBS. 

14. Polyphenyleneoxidesandsulfides,andmixtures of polyphenylene oxides with styrene polymers or polyamides. 

IS^Polyurethanes derived from hydroxyl-terminated polyethers, polyesters or polybutadienes on the one hand 
and aliphatic or aromatic polyisocyanates on the other, as well as precursors thereof. 

16 Polyamides and copolyamides derived from diaminesand dicarboxyBc acids andtor from aminocarboxylk: acids 
or the corresponding lactams, for example polyamide 4. polyamide 5. polyamide 6/6, 6/10, 6/9 6/12 4/6 12/12 
polyamide 11, polyamide 12. aromatic polyamides starting from m-xylene diamine and adipic acW polyamides 
prepared from hexamethylenediamine and isophthalic or/and lerephlhalic acki and with or without an elastomer 
mlT"^ H fT"'^ Poly-2.4,4,-trimethylhexamethylene terephthalamide or poly-m-phenylene isophthala- 
mide. andasobtock copolymers of the aforementioned polyamides with polyolefins. olefin copolymers, ionomers 
or chemically bonded or grafted elastomers; or with polyethers. e.g. with polyethylene glycol, polypropylene glycol 
orpolyteuaimthylene glycol as well as polyamides or copovamidesmodife^ 
conderwed during processing {Fim polyamide systems). 

17. Polyureas. polyimides. polyamkle-imides and pdybenzimidazoles. 

^iL^^^T^ ^""^ dicarboxylic acids and diols and/or from hydroxycarboxylic acids or the corresponding 
lactones, for example poVethylene terephthalate. polybutylene terephthalate. poly-1 .4.dimethytoteyck)hexane 
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terephthalate and polyhydroxybenzoates, as well as block copolyether esters derived from hydroxyl-termlnated 
polyethers; and also polyesters modified with polycarbonates or MBS. 

19. Polycarbonates and polyester carbonates. 

5 

20. Polysulfones, polyether sulfones and potyether ketones. 

21. Crosslinked polymers derived from aldehydes on the one hand and phenols, ureas and metamlnes on the 
other hand, such as phenol/formaldehyde resins, urea/formaldehyde resins and melamine/formaldehyde resins. 

10 

22. Drying and non-drying alkyd resins. 

23. Unsaturated polyester resins derived from copotyesters of saturated and unsaturated dicarboxylic acids with 
polyhydric alcoholsand vinyl compounds as Crosslin king agents, and also halogen-containing modifications thereof 

IS of low flammability. 

24. Crosstinkable acrylk: resins derived from substituted acrylates. tor example epoxy acrylates. urethane acrylates 
or polyester acrylates. 

20 25. Alkyd resins, polyester resins and acryiate resins crosslinked with melamine resins, urea resins, polyisocy- 

anates or epoxy resirTs. 

26. Crosslinked epoxy resins derived from polyepoxides. for example from bisglycidyl ethers or from cycloaliphatic 
diepoxides. 

2S 

27. Natural polymers such as cellulose, rubber, gelatin and chemically modified homologous derivatives thereof, 
tor example cellulose acetates, cellulose propionates and cellulose butyrates, or the cellulose ethers such as 
methyl cellulose; as well as rosins and their derivatives. 

30 28. Blends of the aforementioned polymers (polyblends), for example PP/EPDM, Polyamide/EPDM or ABS. PVC/ 

EVA. PVC/ABS. PVC/MBS, PC/ABS, PBTP/ABS, PC/ASA, PC/PBT. PVC/CPE. PVC/acrylates. POMAhermoplas- 
tic PUR. PC/thermoplastk: PUR, POM/acrylate, POM/MBS, PPO/HIPS, PPO/PA6.6 and copolymers. PA/HDPE. 
PA/PP, PA/PPO. 

35 29. Naturally occurring and synthetic organic materials which are pure mononrterfc compounds or mixtures of such 
compounds, for example mineral oils, animal and vegetable fats, oil and waxes, or oils, fats and waxes based on 
synthetic esters (e.g. phthalates, adipates, phosphates or trimellitates) and also mixtures of synthetic esters with 
mineral oils in any weight ratios, typically those used as spinning compositions, as well as aqueous emulsions of 
such materials. 

40 

30. Aqueous emulsions of natural or synthetic rubber, e.g. natural latex or latices of carboxylated styrene/butadiene 
copolymers. 

31 . Polysiloxanes such as the soft, hydrophilic polysitoxanes described, for example, in U.S. Patent No. 4.259,467; 
^ and the hard polyorganosiloxanes described, for example, in U.S. Patent No. 4.355.147. 

32. Polyketlmines in combination with unsaturated acrylic polyacetoacetate resins or with unsaturated acrylic res- 
ins. The unsaturated acrylic resins include the urethane acrylates, polyether acrylates, vinyl or acryl copolymers 
with pendant unsaturated groups and the acrylated melamines. The polyketimines are prepared from polyamines 

so and ketones in the presence of an acid catalyst. 

33. Radiation curable compositbns containing ethylenically unsaturated nrtonomers or oligomers and a polyunsat- 
urated aliphatic oligomer. 

ss 34. Epoxymelamine resins such as light-stable epoxy resins crosslinked by an epoxy functional coetherified high 

solkls melamine resin such as LSE-4103 (Monsanto). 

in general, the compounds of the present inventbn are employed in from about 0.005 to about 5 % by weight of 
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the stabilized composition, although this will vary with the particular substrate and application. An advantageous range 
is from about 0.01 to about 3 %, and especially 0.05 to about 2 %; nnost preferred is the range 0 05 to 1 %. 

The stabilizers of the instant invention may readily be incorporated into the organic polymers by conventional 
techniques, at any convenient stage prior to the manufacture of shaped articles therefrom. For example, the stabilizer 
5 may be mixed with the polymer in dry powder form, or a suspension or emulsion of the stabilizer may be mixed with a 
solution^ suspension, or emulsion of the polymer. The resulting stabilized polymer compositions of the invention may 
optionally also contain from about 0.005 to about 5 %. preferably from about 0.01 or 0.025 to about 2 %, and especially 
from about 0.1 to about 1 % by weight of various conventional additives, such as the materials listed below, or mixtures 
thereof. 

TO 

1 . Antioxidants 



1.1. Alkylated monophenols. for example 2,6-di-tert-butyl-4-methylphenol, 2-tert-butyl-4,6-dimethylphenol, 2,6-di- 
tert-butyl-4-ethylphenol. 2.6-di-tert-butyl-4-n-butylphenol. 2,6-di-tert-butyl-4-isobutylphenol. 2.6-dlcyclopentyl- 
^5 4-methylphenol. 2-(a-methylcyclohexyl)-4,6-dimethylphenol, 2,6-dioctadecyl-4-methylphenol, 2.4,6-tricyGlohexyl- 

phenol. 2,6-di-tert-butyl-4-methoxymethylphenol, nonylphenols which are linear or branched in the side chains, 
for example, 2,6-di-nonyh4-methylphenol, 2,4-dimethyl-6-(V-methylundec-V-yl)phenol, 2,4-dimethyl-6-(1'-m8th- 
ylheptadec-V-yl)phenol, 2,4-dimethyl-6-{V-methyltridec-V-yl)phenol and mixtures thereof. 



1.2. Alkvlthiomethvlphenols, (or example 2,4-dioctylthiomethyl-6-tert-butylphenol, 2,4-dioctylthiomethyl-6-methyl- 
phenol. 2.4-dk3Ctylthiomethyl-6-ethylphenol, 2,6-di-dodecylthiomethyl-4-nonylphenol. 

1 . 3. Hydroquinones and alkylated hvdroquinones. for example 2,6-di-tert-butyl-4-methoxyphenol, 2,5-di-tert-butyl- 
hydroquinone, 2,5-di-tert-amylhydroquinone, 2,6-diphenyl-4-octadecyloxyphenol, 2.6-di-tert-butylhydroquinone, 
2,5-di-tert-butyl-4-hydroxyanisole, 3.6-di-tert-butyl-4-hydroxyan isoie. 3,5-di-tert-butyl-4-hydroxyphenyl stearate, 
bis-(3,5-di-tert-butyl-4-hydroxyphenyl) adipate. 

1.4. Tocopherols, for example a-tocopherol, p-tocopherol. Y-tocopherol, 8-tocopherol and mixtures thereof (Vitamin 
E). 

1.5. Hvdroxvlated thiodrphenvl ethers, for example 2,2'-thiobis(6-tert-butyl-4-methylphenol). 2.2'-thiobis(4-octyl- 
phenol). 4,4'-thiobis(6-terl-butyl-3-methylphenol). 4,4'-thiobis(6-tert-butyl-2-methylphenol). 4,4'-thiobis-(3,6-di- 
sec-amylphenol), 4,4'-bis(2.6-dimethyl-4-hydroxyphenyl)disulfide. 

1.6. Alkvlidenebisphenols. for example 2.2'-methylenebis(6-tert-butyl-4-methylphenol), 2.2'-methylenebis(6-tert- 
butyl-4-ethylphenol), 2.2*-methylenebis[4-methyl-6-(a-methylcyclohexyl)-phenol], 2,2'-methylenebis(4-methyl- 
6-cyclohexylphenol). 2,2'-methylenebis(6-nonyl-4-methylphenol), 2.2'-methylenebis(4,6-di-tert-butylphenol), 2.2'- 
ethylidenebis(4,6-di-tert-butylphenol). 2,2'-ethylidenebis(6-tert-butyl-4-isobutylphenol), 2,2'-methylenebls[6-(a- 
methylbenzyl)-4-nonylphenol], 2.2-methylenebis[6-(a,a-dimethylbenzyl)-4-nonylphenol], 4.4-methylenebis 
(2,6-di-tert-butylphenol). 4,4'-methylenebis(6-tert-butyl-2-methylphenol), 1 , 1 -bis(5-tert-butyl-4-hydroxy-2-methyl- 
phenyl)butane. 2,6-bis(3-tert-butyl-5-methyl-2-hydroxybenzyl)-4-methylphenol, 1 ,1 ,3-tris(5-tert-butyl-4-hydroxy- 
2-methylphenyl)butane, 1.1-bis(5-tert-butyl-4-hydroxy-2-methyl-phenyl)-3-n-dodecylmercaptobutane. ethylene 
glycol bis|3.3-bis(3'-tert-butyl-4'-hydroxyphenyl)butyrate], bis(3-tert-butyl-4-hydroxy-5-methyl-phenyl)dicyclopen- 
tadiene. bisl2-(3Mert-butyl-2*-hydroxy-5'-methylbenzyl)-6-tert-butyl-4-methylphenylIterephthalate, 1 . 1 -bls- 
(3,5-dimethyl-2-hydroxyphenyl)butane, 2,2-bis-(3,5-di*tert-butyl-4-hydroxyphenyl)propane. 2.2-bis-(5-tert-butyl- 
4-hydroxy2-methylphenyl)-4-n-dodecylmercaptobutane, 1 . 1 .5,5-tetra-(5-tert-butyl-4-hydroxy-2-melhylphenyl) 
pentane. 



1.7. 0-. N- and S-benzvl compounds, for example 3,5.3'.5'-tetra-tert-butyl-4,4'-dihydroxydibenzyl ether, octadecyl- 
4-hydroxy-3,5-dimethylbenzylmercaptoacetate. tridecyl-4-hydroxy-3,5-di'tert-butylbenzylmercaptoacetate. tris 
(3.5-di-tert-butyM-hydroxybenzyl)amine. bis(4-tert-butyh3-hydroxy-2,6-dimelhyIbenzyl)dithioterephthalate. bis 
(3.5^i-tert-butyl-4-hydroxybenzyl)sulfide. isooctyl-3.5-di*tert-butyl*4-hydroxybenzylmercaptoacetate. 

1.8. Hvdroxvbenzvlated malonates. for example djoctadecyl-2.2-bis-(3.5-di-tert-butyl-2-hydroxybenzyl)-malonate, 
di-octadecyl-2-(3-tert-butyl-4-hydroxy-5-methybenzyl)-mak>nate. didodecylmercaptoethyl-2,2-bis-(3.5-di-tert- 
butyl-4-hydroxybenzyl)malonate, bisI4-(1.1.3.3-tetramethylbutyl)phenyI)-2.2-bis(3,5-di-tert-butyl-4-hydroxyben- 
zyl)mak>nate 
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1.9. Aromatic hvdroxvbenzyl compounds, for example l .3,5-trls-(3.5.di-tert-butyl-4-hydroxybenzyl)-2.4.6-trimeth- 
ylbenzene. l,4-bis(3,5-di-1ert-butyl-4.hydroxyben2yl)-2,3.5.6-tetramethylben7ene. 2.4.6-tris(3.5-di-tert-buty|. 

4- hydroxybenzyl)phenol. 

5 1.10. Triazlne Compounds, for example 2.4-bis(octylmercapto)-6-(3,5-di-teFt-butyl-4-hydroxyanilino)-l.3,5-tri- 

azine. 2-octylmercapto-4.6-bis(3.5-di-tert-butyl-4-hydroxyanilino)-1 ,3.5-triazine, 2-oc1ylmercapto-4,6-bis(3,5-di- 
tert-butyl-4-hydroxyphenGxy).1.3,5-trlazine. 2,4.6-tris(3.5-di-tert-butyl-4-hyd roxyphenoxy)-1 .2.3-triazine. 
1.3,5-tris-(3,5-dl-tert-butyi-4-hydroxybenzyi)isocyanurate. l.3,5-tris(4-tert-butyl-3-hydroxy-2,6-dimethylbenzyl) 
isocyanurate. 2;4.6-tris(3.5-di-ten-butyl-4-hydroxyphenylethyl)-1.3,5-triazlne, 1,3,5-tris(3,5-di-lert-butyM-hydrox- 

10 yphenylproplonyl)-hexahydro-1 .3.5-triazine, 1 .3.5-tris(3.5-dicyclohexyl-4-hydroxybenzyl)i50cyanurate. 

1.11. BenzvlDhosphonates . lor example dimethyl-2.5-di-tert-butyl-4-hydroxybenzylphosphonate, diethyl-3,5-di- 
tert-butyM-hydroxybenzylphosphonate. dioctadecyl3,5-di-tert-butyl-4-hydroxybenzylphosphonate. dioctadecyl- 

5- tert-butyl-4-hydroxy-3-methylbenzylphosphonate. the calcium salt of the monoethyl ester of 3.5-di-tert-butyl- 
is 4-hydroxybenzylphosphonic acid. 

1.12. Acvlaminophenols. tor example 4-hydroxylauranilide, 4-hydroxystearanilide, octyl N-(3,5-dl-tert-butyl-4-hy- 
droxyphenyl)carbamate. 

20 1.13. Esters of B-f3.5-di-tert-butvl-4-hvdroxvphenvnpropionlc acid with mono- or polyhydric alcohols, e.g. with 

methanol, ethanol, n-octanol, i-oetanol. octadecanol, 1 ,6-hexanediol. 1.9-nonanedioI, ethylene glycol, 1,2-propan- 
ediol, neopentyl glycol, thiodiethylene glycol^ diethylene glycol, triethylene glycol, pentaerythritol, tris(hydroxyethyl) 
isocyanurate, NiN'-bis(hydFOxyethyl)oxamide. 3-thiaundecanol, 3-thlapentadecanol, trimethylhexanediol, trimeth- 
ylolpropane. 4-hydroxymethyl-1 -phospha-2,6.7-trioxabicyclo[2.2.2]octane. 

2S 

1.14. Esters of B>(5-tert-butvl-4>hvdroxv-3-methvlphenvnpropionic acid with mono- or polyhydric alcohols, e.g. with 
methanol, ethanol, n-octanol, i-octanol, octadecanol. 1 .6-hexanediol, 1.9-nonanediol, ethylene glycol, 1.2-propan- 
ediol. neopentyl glycol, thiodiethylene glycol diethylene glycol, triethylene glycol, pentaerythritol. tris(hydroxyethyl) 
isocyanurate. N,N'-bis(hydroxyethyl)oxamide, 3-thiaundecanol, 3-thiapentadecanol, trimethylhexanedbl. trimeth- 

30 ylolpropane. 4-hydroxymethyl-1 -phospha-2,6.7-trioxabicyclo[2.2.2]octane. 

1.15. Esters of B-f3.5-dicvclohexvl-4-hvdroxvphenvnDroDionic acid with mono- or polyhydric alcohols, e.g. with 
methanol, ethanol. octanol. octadecanol. 1 ,6-hexanedbl. 1,9-nonanedlol. ethylene glycol. 1 :2-propanediol, neo- 
pentyl glycol, thiodiethylene glycol, diethylene glycol, triethylene glycol, pentaerythritol, tris(hydroxyethyl)isocya- 

35 nurate. N.N'-bis(hydroxyethyl)oxamide, 3-thiaundecanol. 3-thiapentadecanol, trimethylhexanediol. trimethylolpro- 
pane, 4-hydroxymethyl-1 -phospha-2.6,7-trloxabicycio[2.2.21octane. 

1.16. Esters ot 3,5-di'tert-butvl'4-hvdroxvphenvl acetic acid with nrtono- or polyhydric alcohols, e.g. with methanol, 
ethanol. octanol. octadecanol, 1 ,6-hexanediol. 1 ,9-nonanedior ethylene glycol, 1 ,2-propanediol. neopentyl glycol, 

40 thiodiethylene glycol, diethylene glycol, triethylene glycol, pentaerythritol. tris(hydroxyethyl)isocyanurate, fM,N'-bis 
(hydroxy8thyl)oxamide, 3-thiaundecanol, 3-thiapentadecanol, trimethylhexanediol. trimethylolpropane. 4-hy- 
droxymethyl-1 -phospha-2,6.7-trioxabicyclo[2.2.21octane. 

1.17. Amides of B-(3.5-di-tert-butvl-4-hvdroxvphenvnpropionic acid e.g. N,N'-bis(3.5-di-tert-butyI-4-hydroxyphe- 
45 nylpropionyl)hexamethylenediamide.N,N*-bis(3.5-di-tert-butyl-4-hydroxyphenylpropionyl)trinrwthyte^ N. 

N'-bis(3.5-di-tert-butyl-4-hydroxyphenylpropionyl)-hydrazlde, N,N*-bis[2-{3-[3.5-di-tert-butyl-4-hydroxyphenyl]pro- 
pionyloxy)ethyl]oxamide (Naugard(B)XL-l supplied by Unlroyal). 

1.16. Ascorbic acid (vitamin C) 

so 

1.19. Aminic antioxidants, for example N.N'-di-isopropyl-p-phenylenediamine, N.N'-di-sec-butyl-p-phenylenedi- 
amine. N.N'-bis(1 .4-dimethylpentyl)-p-phenylenediamine. N.N'-bis(1 -ethyl-3-methylpentyl)-p-phenylenediamine, 
N,N'-bls(1-methyIh0ptyl)-p-phenylenediamine, N,N'-dicyclohexyl-p-phenylenediamine. N,N'-diphenyl-p-phenylen- 
ediamine. N,N'-bis(2-naphthyl)-p-phenylen0diamine. N-isopropyl-N'-phenyl-p-phenylenediamine. N-(1 ,3-dimeth- 
ss ylbutyl)-N'-pheny|.p-phenylenediamine, N-(1 -methylheptyl)-N'-phenyI-p-phenylenediamine, N<yclohexyl-N'-phe- 

nyl-p-phenlenedlamlne, 4-(p-toluenesulfamoyl)diphenylamine, N.N'-dimethyl-N.N*-di-sec-butyl-p-phenylenedl- 
amine. diphenylamine. N-allyldiphenylamine. 4-isopropoxy-diphenylamine. N-phenyl-1-naphthylamine. N-(4-tert- 
octylphenyl)-1-naphthylamine. N-phenyl-2-naphthylamine. octylated diphenylamine. for example p.p'-di-tert-oc- 
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tyldiphenylamine, 4-n-butylaminophenol, 4-butyrylam.nophenol. 4-nonanoylaminophenol. 4^ecanoylami- 
nophenol. 4-ocladecanoylaminophenol, bis(4-methoxyphenyl)amine, 2,6-di-tert.butyl-4-dimethylaminomethyl- 
phenol. 2.4'-diaminodiphenylfnethane. 4.4'-diaminodiphenylmethane. N.N,N'.N'-tetramethyl-4.4'-diaminodiphe- 
nylmethane, 1.2-b(s[(2-methylphenyl)aminolethane, 1 ,2-bis(phenylamino)propane. (o-tolyl)biguanide bisM-fV 3'- 
dimethylbutyl)phenyl]amine. tert-octylated N-phenyl-1-naphthylamine. a mixture of mono- and dialkylated tert- 
butyl/tert-octyldiphenylamines, a mixture of mono- and dialkylated nonyWiphenylamines, a mixture of mono- and 
dialkylated dodecyldiphenylamines. a mixture of mono- and dialkylated isopropyl/isohexyldiphenylamines a mix- 
ture of mono- und dialkylated tert-butyldiphenylamines, 2,3-dihydro-3,3-dimetliyl-4H-1 ,4-benzothiazine phenothi- 
azine. a mixture of mono- und dialkylated tert-butyWert-octylphenothiazines, a mixture of mono- und dialkylated 
tert-octyl-phenothiazines, N-allylphenothiazin, N.N,N'.N'-tetraphenyl-l.4-diaminobut-2-ene N N-bis-(2 2 6 6-te- 
tramethyl-pipend-4-yl-hexamethylenediamine, bis(2.2,6,6-tetramethylpiperid-4-yl)-sebacate. 2.2,6.6-tetiWnethyl- 
piperidin-4-one, 2,2,6,6-tetramethylpiperKlin-4-ol. 

2. UV absorbers and lioht stabilisers 

2.1 . 2-(2--Hvdroxvphenyl)ben2otria70lfts , for example 2-(2'-hydroxy-5-methylphenyl)-benzotriazole 2-(3' 5'-di- 
tert-bu:yl-2'-hydroxyphenyl)benzotria2ole. 2-(5-tert-butyl-2'-hydroxyphenyl)benzotriazole, 2-(2"-hytlroxy-5'- 
1,1.3,3-tetramethylbutyl)phenyl)benzotria2ole. 2-(3',5'-di-tert-butyl-2'-hydroxyphenyl)-5-chloro-benzotriazole 2- 
(3'-tert-butyl- 2'-hydroxy-5'-meihylphenyl)-5-chloro-benzotriazole, 2-(3"-sec-butyl-5'-tert-butyl-2--hydroxyphenvl) 
benzotnazole, 2-(2'-hydroxy-4'-octyloxyphenyl)benzotriazole. 2-(3'.5'-di-tert-amyl-2'-hydroxyphenyl)benzotria- 
zole. 2-(3 .5 •bis-(a,a-dimethylbenzyl)-2'-hydroxyphenyl)benzotrla2ole, 2-(3'-tert-butyl-2'-hydroxy-5'-(2-cctvloxv- 
carbonylethyl)phenyl)-5<hloro-benzotriazole, 2-(3'-ten-butyl-5'-[2-{2-ethylhexyloxy)-carbonylethyl]-2'-hydroxy- 
phenyD-S^htoro-benzotriazole, 2.(3'-tert-butyl-2'-hydroxy-5'-(2-methoxycarbonylethyl)phenyl)-5-chlofo-benzotri. 
azole, 2-(3-tert-butyl-2"-hydroxy-5'-(2-methoxycarbonylethyl)phenyl)benzotriazole, 2-(3'-tert-butyl-2'-hydroxy-5'- 
(2-octyloxycarbonylethyl)phenyl)benzotria2ole. 2-(3'-tert-butyl-5'-[2-{2-ethylhexyk5xy)carbonylethyn-2'-hydroxy- 
phenyObenzotriazole. 2-(3"-dodecyl-2'-hydroxy.5'-methylphenyl)benzotriazole, 2-(3'-tert-butyl-2'-hydroxy-5'- 
(2-,sax:tyloxycarbonylethyl)phenylbenzotriazole. 2,2'-methylene-bis-[4-(l,l.3,3-tetramethylbutyl).6-benzotria- 
2ole-2-ylphenol]: the transesterifbatlon product of 2-[3"-tert.butyl-5'-(2-methoxycarbonylethyl)-2'-hydroxyphenyll- 
2H-benzotriazole with polyethylene glycol 300; ^ J-/ i ye •■yj 



[r - CHaCH^-COO- CH^OH^ 

rr^Q r. " f'-'f -'>'fyW'-''y*oxy-6^2H-benzotriazo 2-l2'-hydroxy-3'-(a.a-dimethylbenzyl)-5'- 
(1 ,^3-te ramethylbutyl)-phenyl]ben20tria20le: 2-I2'-hydroxy.3'-(1.1.3.3.letramethylbutyl)-5'-(a.a-dimethylben- 
zyl)-pnenyl]benzotriazole. 

2.2. 2-Hydroxybenzophenone8, for example the 4-hydroxy. 4-methoxy. 4-octykJxy. 4-decytoxy. 4^todecyloxv 
4-benzyloxy. 4.2'.4'-trihydroxy and 2'-hydroxy-4.4'-dimethoxy derivatives. 

2.3. Esters of substituted and unsubstituted benzoic acids , as for example 4-tertbutyl-phenyl salicylate phenyl 
fi'^y f h'k'^k^ I ^"^' ^''^""y' bis(4-tert-butylbenzoyl) resorcinol. benzoyl resorcinol 
2,4-di-tert-butylphenyl 3,5-di-tert-butyl-4-hydroxybenzoate. hexadecyl 3.5-di-tert-butyl-4-hydroxybenzoate. octa- 
decyl 3.5-di-tert-butyl-4-hydroxyben2oate. 2-methyl-4.6-di-tert.butylphenyl 3.5KJi-tert-butyl-4-hydroxybenzoate. 

^'^^P's^'f^y «-cyano-p,p-diphenylacrylate. isooctyl a-cyano-p,p-diphenylacrylate. methyl a- 
carbomethoxycinnamale, methyl a-cyano-p-methyl-p-methoxy-cinnamate. butyl o-cyano-p-methyl-p-methoxv- 
annamate. methyl a-carbomethoxy-p-methoxycinnamate and N-(P-carbomethoxy-p-cyanovinyl).2-methylindo- 

L^thnff'To^""*? *=°^P'®''«s of 2,2'-thio-bis-[4-(l.l,3.3-tetramethylbutyl)phenoll. such 

!iH^.t , "^"^ "9^"* ^ n-butybmine. triethanolamine or N<yck5hex- 

y^d^»thanolam.ne nickel d*utyWithkxarbamate. nickel ealts of the monoalkyi esters, e.g. the methyl or ethyl ester 
of 4-hydr«<y-3.5.d.-tert-butylbenzylphosphonk: ackJ. nickel complexes of ketoximes, e.g. of 2-hydroxy-4-methy|. 
phenylundecylketox.me.nk:kelcomplexesofl-pheny|.4-lauroyl-5.hydroxypyrazole.w^ 
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2.6. Sterical ly hindered amines, for example bis(2,2.6,6-tetramethyl-4-piperidyl)sebacate. bls(2,2.6.6-letramethyl- 
4-piperidyl)succinate. bis(1 ,2.2,6.6-pentamelhyl-4-piperidyl)sebacate. bis(1 -octyloxy-2.2.6.6-tetramethyl-4-piperi- 
dyl)sebacate. bis(1.2.2.6.6-pentamethyl-4-piperidyl) n-butyl-3.5-di-tert-butyl-4-hydroxybenzylma(onate. the con- 
densate of 1-(2-hydroxyethyl)-2.2.6,6-tetramethyI-4-hydroxyplperidine and succinic acid, linear or cyclic conden- 
sates of N.N'-bis(2,2,6.6-tetramethyl-4-piperidyl)hexamethylenediamine and 4-tertK)clylamino-2,6-dichloro- 
1.3,5-triazine, tris(2,2.6.6-tetramethyl-4-piperldyl)nltrilotriacetate: tetrakis(2,2,6,6-tetramethyl-4-piperidyI)- 
1,2,3.4-butane-tetracarboxylate. 1.1'-(1,2-ethanediyl)-bis(3.3.5,5-tetramethylpiperazinone), 4-benzoyI-2.2,6,6-te- 
tramethylpiperldine, 4-stearyloxy-2,2,6,6-tetramethylpiperldine, bis(1,2,2.6.6-pentamethylpiperidyl)-2-n-butyl-2- 
(2-hydroxy-3 5-di-tert-butylbenzyl)malonate. 3-n-octyl-7,7,9.9-tetramethyl-1,3,e-triazaspiro(4.5]decan-2,4-dione, 
bis(1 -octyloxy-2,2.6.6-tetramethylpiperidyl)sebacate, bis(1 -octyloxy-2.2,6,6-tetramethylpiperidyl)succinate, linear 
or cyclic condensates of N.N'-bis-(2,2.6,6-tetrannethyl-4i5iperidyl)hexamethylenediamlne and 4-morpholino- 
2,6-dichloro-1,3:5-triazine, the condensate of 2-chloro-4.6-bis(4-n-butylamino-2,2.6.6-tetramethylplperidyl)- 
1,3,5-triazine and 1.2-bis(3-aminopropylamino)ethane, the condensate of 2-chloro-4,6-di-(4-n-butylamino- 
1,2.2.6,6-pentamethylpiperidyl)-l,3.5-triazine and 1 .2-bis-(3-aminopropylamino)ethane, 8-acetyl-3-dodecyl- 
7.7.9.9-tetramethyl-l.3.8-triazaspiro[4.5]decane-2,4-dione. 3-dodecyl-1-(2,2,6.6-tetramethyl-4-piperidyl)pyrrolid- 
in-2.5-dione. 3-dodecyl-l.(l.2,2,6.6-pentamethyl-4-piperidyl)pyrrolldlne-2,5-dlone, a mixture of 4-hexadecyloxy- 
and4-stearyloxy-2.2,6.6-tetramethylpiperidlne, a condensation product of N.N'-bis(2.2.6.6-tetramethyl-4-piperidyl) 
hexannethylenediamlne and 4-cyclohexylamlno-2.6-dlchloro-1,3.5-triazine, a condensation product of 1.2-bis 
(3-aminopropylamino)ethane and 2.4.6-trlchloro-l,3,5-triazlne as well as 4-butylamino-2,2,6.6-tetramethylpiperl- 
dine (CAS Reg. No. [136504-96-6]); N-(2.2,6.6-tetramelhyl-4.piperidyl)-n-dodecylsuccjnimjd, N-(1,2.2.6,6-pen- 
tamBthyl-4-pjperidyl)-n-dodecylsuccinimid. 2-undecyl-7J.9.9-letramethyl-1-oxa-3,8-diaza-4-oxo-spiro[4.5]de- 
cane, a reaction product of 7,7.9,9-tetramethyl-2-cycloundecyl-l-oxa-3,8-diaza-4-oxospiro [4,5]decane und ep- 
ichlorohydrin. 1,1-bis(1.2,2.6.6-pentamethyM-piperidyloxycarbonyl)-2-(4-methoxyphenyl)ethene. N,N'-bis- 
formyl-N.N'-bis{2,2.6,6-tetramethyl-4-piperidyl)hexamethylenediamine, diester of 4-methoxymethylene-ma!onlc 
acid with 1 ,2,2,6.6-pentamethyM-hydroxypiperidin©. poly[methylpropyl-3-oxy-4-(2.2,6.6-tetramethyl-4-piperidyl)] 
siloxane. reaction product of maloic acid anhydrkJe-a-olefin-copolymer with 2.2,6.6-tetramethyl-4-aminopiperidine 
or 1 .2.2,6.6-pentamethyl-4-aminopiperidine. 

2.7. Oxamides, for example 4.4'-dioctyloxyoxanilide, 2.2'-diethoxyoxanilide. 2.2'-dioctyloxy-5,5'-di-tert-butoxanl- 
lide.2.2'-didodecyloxy-5,5'-di-tert-butoxanilide.2-ethoxy-2'-ethyloxanilide.N,N'-bis(3-dimethylaminoprop 

ids. 2-ethoxy-5-tert-butyl-2'-ethoxanilide and its mixture with 2-ethoxy.2'-ethy|.5.4'-di-tert-butoxanilide. mixtures of 
o- and p-methoxy-disubstituted oxanilides and mixtures of o- and p-ethoxy-disubstituted oxaniiides. 

2.8. 2-(2-Hvdroxvphenvl)-1 .3.5-triazines. for example 2.4.6-tris(2-hydroxy-4-octyloxyphenyl)-1,3.5-triazine 2- 

(2-hydroxy-4-octyloxyphenyl)-4.6-bis(2.4-dimethylphenyl)-1 .3.5-triazine. 2-{2,4-dihydroxyphenyl)-4 6-bis 

(2.4-dimethylphenyl)-1,3.5.triazine. 2.4-bis(2-hydroxy-4^propyloxyphenyl)-6-(2.4.dimethylphenyl).l.3.5-triazine 

2-(2-hydroxy-4-octyloxyphenyl)-4.6-bis-(4-methylphenyl)-1.3.5-triazine, 2-(2-hydroxy-4-dodecyloxyphenyl)- 

4.6-bts(2.4-dimethylphenyl).1.3,5-triazine. 2-(2-hydroxy-4-tridecyloxyphenyl)-4,6-bis(2,4.dimethylphenyl)- 

1,3,5-triazine. 2-[2-hydroxy-4-(2-hydroxy.3-butyloxy-propoxy)phenyl]-4.6-bis(2.4-dimethyl)-1.3,5-tria2lne. 2- 

l2-hydroxy.4-(2-hydroxy-3-octyloxy-propyloxy)phenyl]-4.6-bis(2.4-dimethyl)-l.3,5.triazine. 2-[4.(dodecyloxy/tri. 

decyloxy-2-hydroxypropoxy)-2-hydroxy-phenylJ-4.6-bis(2,4-dimethylphenyl)-l, 3.5-triazine. 2-[2-hydroxy-4-(2-hy- 

droxy-3-dodecybxy-propoxy)phenyl]-4.6-bis(2.4-dimethylphenyl).l.3,5-triazine. 2-(2-hydroxy-4-hexyloxy)phenyl- 

4.6-diphenyi-l .3.5-lriazine. 2-(2-hydroxy-4-methoxyphenyl)-4,6-diphenyl-1 , 3.5-triazine. 2,4.6-trisI2-hydroxy-4- 

(3-butoxy-2-hydroxy-propoxy)phenyl]-l.3,5-triazine. 2-(2-hydroxyphenylH- (4-methQxyphenyl)^-pheny|. 

1.3.5-tnazine. 2-{2.hydroxy-4-(3-(2-ethylhexyl-1-oxy).2-hydroxypropyloxy]phenyl)-4.6.bis(2.4-dimethylphenyl)- 
1,3,5-trlazine. 

3. Metal deactivators, for example N.N'-diphenyloxamide. N-salicylal-N'-salicytoyI hydrazine. N,N'-bis(saHcyloyl) 
hydrazine. N.N'-bis(3.5-di-tert-butyl-4-hydroxyphenylpropionyl) hydrazine, 3-salicyloylamino-1.2,4-triazole. bis 
(benzylidene)oxalyl dihydrazide. oxanilide. isophthaloyi dihydrazide sebacoyi bisphenylhydrazide. N.N'-diacety- 
ladipoyl dihydrazide. N.N'-bis(salicyloyl)oxalyl dihydrazide, N.N'-bis(salicytoyl)thiopropionyl dihydrazide. 

4. Phosphites and phosphonites. for example triphenyl phosphite, diphenyl alkyl phosphites, phenyl dialkyi phos- 
phites, ins(nonylphenyl) phosphite, trilauryl phosphite, trioctadecyl phosphHe. distearyl pentaerythritol diphosphite 
tns(2.4-di-tert-butylphenyl) phosphite, diisodecyl pentaerythritol diphosphite. bis(2,4.di.tert-butylphenyl) pentaer- 
ythntol diphosphite. bis(2 6.di-tert-butyl-4-methylphenyl)-pentaerythritol diphosphite. diisodecyloxypentaeiythritol 
diphosphite, bis(2.4-di-tert-butyl-6-methylphenyl)pentaerythritol diphosphite. bls(2.4.6-tris(tert-butylphenyl)pen- 
laerythritol diphosphite. tristearyl sorbitol triphosphite. tetrakis(2.4^i-lert-butylphenyl) 4.4'-biphenylene diphos- 
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phonite. 6-isooctyloxy-2,4.8.10-tetra-tert-butyl-12H-dlbenz[d.g]-1.3.2-dioxaphosphocln. 6.fluoro-2.4.8.10-tetra- 
tert-butyl-l 2-methyl-dibenz[d,g]-1 ,3,2-dioxaphosphocin. bls(2.4<li-tert-butyl-6-methylphenyl) methyl phosphrte. 
bis(2.4.di-tert-butyl-6-methylphenyl) ethyl phosphite, 2.2*.2'-nltrilo[triethyltris(3.3',5.5'-tetra-tert-butyl-1.V-biphe- 
nyl-2.2'-diyl)phosphite]. 2-ethylhe)cyK3,3'.5.5*-tetra-tert-butyM,r-blphenyl-2.2'-dlyl)phosphite. 
Especially preferred are the following phosphites: 

Tris(2,4-di-tert-butylphenyl) phosphite {lrgafos(8>168, Ciba-Geigy). tris(nonylphenyl) phosphite. 



75 



20 





^NSDOCIO «EP OB8«0e6A2J_> 



12 



EP0 889 085 A2 




5. Hydroxylamines, for example, N,N-dibenzy!hydroxylamine, N.N-diethylhydroxylamjne, N.N-dioclylhydroxy- 
lamine. N.N-dilaurylhydroxylamine. N.N-dltetradecylhydroxylamine. N,N-dihexadecylhydroxylamlne. N,N-diocta- 
decylhydroxylamlne, N-hexadecyl-N-octadecylhydroxylamine. N-hepiadecyl-N-octadecylhydroxylamine. N.N-di- 
alkylhydroxylamlne derived from hydrogenated tallow amine. 

6. Nrtrones, for example. N-benzyl-alpha-phenyl-nitrone. N-ethyl-alpha-methyl-nitrone, N-octyl-alpha-heptyl-nitro- 
ne, N-lauryl-alpha-undecyl-nltrone, N-tetradecyl-alpha-tridcyi-nitrone. N-hexadecyl-alpharpentadecyl-nitrone. N- 
octadecyl-alpha-heptadecyl-nitrone, N-hexadecyl-alpha-heptadecyl-nhrone, N-ocatadecyl-alpha-pentadecyi-ni- 
trone, N-heptadecyl-alpha-heptadecyl-nitrone. N-octadecyl-alpha-hexadecyl-nitrone, nitrone derived from N.N-di- 
alkylhydroxylamine derived from hydrogenated tallow amine. 

7. ThiosvnerQists. for example, dilauryl thiodipropionate or distearyl thiodipropionate. 

8. Peroxide scavengers, for example esters of p-lhiodipropionic acid, for example the lauryl. stearyl, myristyl or 
tridecyl esters, mercaptobenzimidazole or the zinc salt of 2-mercaptobenzimidazoIe. zinc dibutyldithiocarbamate, 
dioctadecyl disulfide, pentaerythritol tetrakis(P-dodecylmercapto)propionate. 

9. Polyamlde stabilisers, for example, copper salts in combination with iodides and/or phosphorus compounds and 
salts of divalent manganese. 

10. Basic co-stabilisers, for example, melamine. polyvinylpyrrolidone, dicyandiamlde. triallyl cyanurate, urea de- 
rivatives, hydrazine derivatives, amines, polyamides. polyurethanes, alkali metal salts and alkaline earth metal 
salts of higher fatty acids for example calcium stearate, zinc stearate. magnesium behenate, magnesium stearate, 
sodium rrcinoleate and potassium palmitate, antimony pyrocatecholate or zink pyrocatecholate. 

11. Nucleating agents, for example, inorganic substances such as talcum, metal oxides such as titanium dioxide 
or magnesium oxide, phosphates, carbonates or sulfates of. preferably, alkaline earth metals; organic compounds 
such as mono- or polycarboxylic acids and the salts thereof, e.g. 4-tert-butylbenzoic acid, adipic acid, dipheny- 
lacetlc acid, sodium succinate or sodium benzoate; polymeric compounds such as ionic copolymers (ionomers). 

12. Fillers and reinforclno aoents, for example, calcium carbonate, silicates, glass fibres, glass bulbs, asbestos, 
talc, kaolin, mica, barium sulfate, metal oxides and hydroxides, carbon black, graphite, wood flour and flours or 
fibers of other natural products, synthetic fi bers. 

1 3. Other additives, for example, plasticisers. lubricants, emulsifiers. pigments, rheotogy additives, catalysts, flow- 
control agents, optical brighteners. flameproofing agents, antistatic agents and blowing agents. 

14. Benzofuranones an d tndolinones. for example those disclosed in U.S. 4,325 863* U S 4 336 244- U S 
5,175.312; U.S. 5.216,052; U.S. 5.252,643: DE.A:4316611; DE-A-4316622; DE-A.431©B76; EP.A-0589839 or 
EP-A-0591102 or 3-[4-(2-acetoxyethoxy)-phenyl].5,7.di-tert.buty|.benzofuran-2-one. 5,7-di.tert-butyl-3.(4. 
(2-stearoyloxyethoxy)phenyl]benzofuran-2-one. 3.3'-bis[5,7.di-tert-butyl-3.(4-[2-hydroxyethoxy)phenyl)benzo- 
furan.2-one], 57-di-lert-buty|.3.(4.ethoxyphenyl)benzofuran.2.one. 3-{4-acetoxy-3.5<fimethylphenyl).5.7-di-tert- 
butyl-benzofuran-2-one. 3-(3.5-dimethyl.4-pivaloyk5xyphenyl).5.7-di-tert.butyl-benzofuran-2-one. 3-(3,4-dimeth- 
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ylphenyl).5.7-di-teft-butyl-ben20furan-2-one, 3-(2,3-dimethylphenyl)-5.7-di-tert-butyl-ben2ofuran-2. 



one. 



10 



IS 



go 



Further preferred compositions comprise, in addition to components (a) and (b) further additives, in particular 
phenolic antioxidants, light stabilizers or processing stabilizers. 

Particularly preferred additives are phenolic antioxidants (item 1 of the list). UV absorbers (items 2 1 and 2 2 of 
the list), sterically hindered amines (item 2.6 of the list), phosphites and phosphonites (Item 4 of the list) and hydrox- 
ylamines (item 6 of the list. 

Additional additives (stabilizers) which are also particularty preferred are benzofuran-2-ones. such as described 
for example, in US-A-4 325 853, US-A-4.33e 244 or US-A-5175312. 

Of special value for combining with the compounds of the invention are UV absorbers of the benzotriazole class 
for example those listed above under 2.1 . especially for the stabilization of synthethic organic polymers such as poly- 
ethylene or polypropylene. = ■- / r J 

The UV absorber of particular interest is selected from the group consisting of 2-(2-hydroxy-3,5-di-a-cumylphenyl)- 
2H-benzotnazole; 2-(2-hydroxy-5-methylphenyl)-2H-benzotriazole; 2-(2-hydroxy-3-t-buty|.S.methylphenyl).5-chlo. 
robenzotriazole; S-chloro-2-(2-hydroxy-3.5-di-tert-butyiphenyl)-2H-benzotria2ole; 2-(2-hydroxy-3.5-di-tert-amylphe- 
nyl)-2H-benzotnazole; 2-(2-hydroxy-3-a-cumyl-5-tert-octylphenyl)-2H-benzotria2ole; 2.4-di-tert-butylphenyi 3 5-di- 
tert-butyl-4-hydroxybenzoate; 2-hydroxy-4-n-octyloxybenzophenone; 2.4-bis(2.4<Jimethyphenyl)-6-(2-hydroxy-4-oc- 
Qrtoxyphenyl)-s-trlazine. EspecialV preferred are benzotrlazoles such as 2-(2-hydroxy-3-t-butyl-5-methylphenyl)- 
5-chlorobenzotrlazole; 



25 



30 



H,C> 




;and 




3S 



40 



4S 



SO 



55 



(2-Hydroxy-3,5-di-tert.butylphenyl)-5-chloro-benzotriazole (CAS Reg. No 3864-99-1)) 

^ K ? ° phenolic antioxidant of particular interest is selectedfrom the group consisting of n-octadecyl 3,5^i-tert-butvl- 
neopentanetetrayl tetrakis(3,5.di-tert-butyl-4-hydroxyhydrocinammate). di-n-octadecyl 
3.5-di-tert-bu^l-4-hydroxybenzylphosphonate, l,3,5-tris(3.5-di-tert-butyl-4-hydroxybenzyl)i80cyanurate. IhiodlethX 
ene b,s(3.5-d,.tert.butyl-4-hydroxyhydrocinnamate). 1.3,5-trimethyl-2.4.6-tris(3,5ii-tertiutyl-ll*ydrox^b!2^^ 
"l"!. • 1'°'^°*''^"'°"'^'^"^ bis{3-methy|.5-tert-buty|.4.hydroxyhydrocinnamate). 2.6-di-tert-butyl-p-cresol 2 
SmSr^h? IT'!^K*^'P^^^^ 1.3.5-trls(2.6-dimethyl-4-tert.buty|.3-hydroxybenzyl)isocynurate. I.lls.-lris 
SrS;Tnt?;''T 1.3.5-tns[2-(3.5-di-ter1-butyl-4-hydroxyhydrocinnamoyloxy)ehy^^ 
cyanurate 35-d.-(3,5-d.-tert-buty|.4-hydroxybenzyl)mesitol. hexamethylene bis(3,5-di-tert-butyl-4-hydro)Shydrocin- 
^f'^:'^'-^^'^-^'^y^-^-^y^'^^^ N.N'-hexamethylene-bis(3.5-di-tert-butvl- 

3-5-<«'-'9rt-butyl-4-hydroxybenzylphosphonate), ethylene bis(3,3ldi 
(3-tert-bunrt-4-hydroxyphenyl)butyrate). octyl 3.5-di-tert-butyl-4.hydroxybenzylmercaptoacetate, bis(3 SKli-tert-butyl- 
44iydroxy»iydrocnnamoyl)hydrazide.andN,N^bis[2-(3.5-di-ten-butyl-4-hydroxyhydrocinnamoyloxy)-eth 
™-t.J "7" P:«^«;^«f P''^"^'**: antioxidant is neopentanetetrayl letrakis(3,5-di-tert-buty|.4-hydroxyhydrocinnamate). n- 

tTbutySS '^^^^^^ 2.6-di-tert.buty|.p<resol or 2 2-.ethylidene-bi5(4:6-di- 

.hylpJeri';^;'i?sTba^^^^ °' '"^ 8^"" '^^^""a ^ bis(2.2.6.6-tetrame- 
bis(1 .2,2,6,6^entamGthylpiperidin-4-yl) eebacale. 

2^d^B ^•''^^^'°^*2.2.6.6-tetramethylplperidine. 3.nocty|.7.7.9.9.tetramethy|.i .as-tri Ja.spiro(4.5]decane. 
tris(2.2.6.6-lGtramethylpiperidin-4-yl) nitrilotriacetate. 
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1 .2-bis(2,2.6.6-tetrannethyl-3-oxopipera2in-4-yl)ethane. 2.2.4.4-tetramethyl-7-oxa-3.20-diaza-21 -oxodispiro[5. 1.11.2] 
heneicosane. 

polycondensation product of 2,4-dichloro-6-tert-octylamino-s-triazine and 4.4'-hexamethylenebis(amino-2.2.6.6-te- 
tramethylpiperidine), 

s polycondensation product of 1 -(2-hydroxyethyl)-2.2,6.S-tetramethyl-4-hydroxypiperidlne and succinic acid 

polycondensation product of 4.4'-hexamethylenebis-(amino-2.2,6.6-tetranrtethylpiperidine) and 1 ,2-dibromoethane. 
tetrakis(2,2,6,6-tetram ethylpiperidin-4-yl) 1.2,3,4-butanetetracarboxylate, 
tetrakis(1 ,2.2.6,6-pentamethylpiperidin-4-yl) 1 .2.3,4-butanetetracarboxylate, 

polycondensation product of 2.4-dichloro-6-morpholino-s-triazine and 4,4*-hexamethylenebis(amino-2,2,6.6-tetrame- 
10 thylpiperidine). 

N,N\N\N''-tetrakis[(4.6-bis(butylO,2.2,6,6-pentani8thylpiperidin-4-yl)-anriino-s-tria2 
decane, 

mixed [2,2.6.6-tetramethylpiperidin-4-yl/p,p,p\P'-tetramethyl-3.9-(2.4.e.10-tetraoxaspiro[5.5]-undecane) diethyl] 
1 ,2,3,4-butanetetracarboxylate. 

IS mixed [1,2,2.6.6-pentamethylpiperidin-4.yl/p.p,p',p'.tetramethyl-3,9-{2,4.B,10-letraoxaspiro[5.5]u ndecane)diethyl] 
1 ,2,3,4-butanetetracarboxylate, 

octamethylene bis(2.2,6,6-tetramethylpiperidin-4-carboxylate). 

4,4'-ethylenebis(2,2.6,6-tetramethylpiperazln-3-one), 

N-(2,2,6.6-tetramethylpiperidin-4-yl)-n-dodecylsuccinimide. 
20 N-(1 ,2,2,6,6-pentamethylpiperidin-4-yl)-n-dodecylsuccinimide, 

N-(l-acetyl-2,2,6,6-tetramethylpiperidi n-4-yl)-n-dodecylsuccinimide. 

1 •acetyl-3-dodecyl-7.7:9,9-tetramethyl-1,3.8-triazaspiro[4.5]decane-2,4-dione, 

di-(1 -octyloxy-2,2,6,6-tetramethylpiperidln-4-yl) sebacate, 

di-(1 -cyclohexyloxy-2,2,6,6-tetramethylpiperidin-4-yl) succinate, 
2S 1-octyloxy-2,2,6,6-tetramethyl-4-hydroxy-piperidine, 

poly-{[6-tert.octylamino-s-tria2in.2.4<liyl][2-(1-cyclohexyloxy-2,2.6.6-tetramethylpiperidin-4-yl)lmi^^ 

[4-(1 -cyclohexytoxy.2.2.6,6-tetramethylpiperidin-4-yl)imino]), and 2.4,6-tris[N-(1 -cyctohexyloxy-2.2,6.6-tetramethyl- 

piperidin-4-yl)-n-butylamino]-s-tria2ine, 

A most preferred hindered amine compound is bis(2,2,6.6-tetramethylpiperidin-4-yl) sebacate, bis(1.2,2,6.6-pen- 
30 tamethylpiperidin-4-yl) sebacate. di(1 .2.2.6.6-pentamethylplperidin-4-yl) (3,5-di-tert-butyl-4-hydroxybenzyl)butyl- 

malonate. the polycondensation product of 1-(2-hydroxyethyl)-2.2,6.6-tetramethyl-4-hydroxypiperidine and succinic 

acid, the polycondensation product of 2.4-dichk>ro-6-tert-octylamino-s-tria2ino and 4.4*-hexamethylenebis(amino- 

2.2.6,6-tetramethylpiperidine), 

N.N\N\N"'4etrakis[(4.6-bis(butyl-(1,2,2.6.6-pentamethylpiperidin-4-yl)amlno)-s-triazine-2-yl]-1.1^ 
55 zadecane. 

di-(1 -octyloxy-2,2.6,6-tetramethylpiperidin-4-yl) sebacate. di-(1-cyclohexyloxy-2,2,6,6-tetramethylpipeFidin-4-yl) suc- 
cinate, 1 -octyloxy-2.2.6.6-tetramethyl-4-hydroxy-piperidine, poly-{[6-tert-octylamino-s-triazin-2,4-diyl][2-(1 -cyclohexy- 
loxy-2.2.6.6-tetramethylpiperidin-4-yI)iminohexamethylene-(4-(1<yclohexyloxy-2,2.6.6-tetramethylplperidin^ 
no]), or 2.4.6-tris[N-(1<yclohexyloxy-2,2,6,6-tetramethylpiperidin-4-yl)-n-butylamino]-s-trlazine. 

^0 Of special importance is a composition stabilized according to the invention, wherein component (a) is a thermo- 
plastic olefin, and the component (b) additionally contains a low nx)I©cular NOR hindered amine. 

Of particular interest is is a composition stabilized according to the invention, wherein component (a) is an agri- 
cultural film which is exposed to pesticides, e.g. halogen or sulfur containing pesticides; such compositions advanta- 
geously contain a metal stearate and zinc oxide as additional components. 

<5 Also preferred is a composition stabilized according to the invention, wherein component (a) is a polyolefin film, 
fiber, thick section or thermoplastic olefin article which additionally contains a halogenated flame retardant such as 
decabromodiphenyl oxide, ethylene bis-(tetrabromophthaNmide), or ethylene bis-(dlbromo-nGrbornanedicarboximlde). 

In the composition stabilized according lo the invention, component (a) also can be a paintable thermoplastic olefin 
(TPO). 

so The instant invention also pertains to a process of making the instant mixture of N. N',N"'-tris{2.4-bis((1 -hydrocar- 

byloxy-2,2,6.6-tetramethylpiperidin-4-yl)alkylaminol-s-triazin-6-yl}-3.3'-ethylenediimin^^^ N.N'.N'-tris 
{2,4-bis[(1-hydrocarbyloxy-2,2.6.6-tetramethylpiperidln-4-yl)alkylamino]-s-triazin-6-yl}.3,3'-ethylenedii 
pylamine and bridged derivatives as described by formulas 1, 11. IIA and III defined supra which comprises 

reacting two to four equivalents of 2.4-bisI(1^ydrocarbytoxy-2.2.6.6-pip0ridin.4.yl)-butyla^^^ 
ss with one equivalent of N.N'-bis(3-aminopropyl)ethylenediamlne. 

Preferably, the process involves reacting 2.5 to 3 equivalents of the s-triazine with one equivalent of amine; most 
preferably three equivalents of the s-triazine to one equivalent of amine. 

There are advantages of the instant tris-substiluted compounds over the related tetra-substiluted compounds of 
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the prior art. The tert-butyl hydroperoxide oxidation-coupling reaction used to introduce the 1 -cyclohexyloxy or 1-oc- 
tyloxy group on the tetra-substituted s-triazine hindered amine causes significant chain scission of the tetraamine 
moiety resulting in by-products of lower molecular weight. This chain scission is eliminated in the preparation of the 
instant compounds because the 1 -alkoxy group is introduced in the absence of the tetraamine backbone. 
5 The following examples are for illustrative purposes only and are not to be construed to limit the scope of the 

instant invention in any manner whatsoever. 

Coadditives found useful for use with the instant hindered amine compounds of formulas 1, li, IIA and ill are as 
follows: 

10 Antioxidants: 

neopentanetetrayl tetrakis(3.5-di-tert-butyl-4-hydroxyhydrocinnamate. (IRGANOX® 1010. Ciba Specialty Chemi- 
cals Corp.); 

octadecyl 3,5-di-tert-butyl-4-hydroxyhydrocinnamate, (IRCANOX® 1076, Ciba Specialty Chemicals Corp.); 
IS 1,3.5-trimethyl-2,4.6-tris(3,5.-di-tert-butyl-4-hydroxyben2yl)benzene. (IRGANOX® 1330. Ciba Specialty Chemi- 

cals Corp.); 

l.2-bis(3.5-di-tert-butyl-4-hydroxyhydroclnnamoyl)hydra2ine, (IRGANOX® MD 1024, Ciba Specialty Chemicals 
Corp.); 

calcium [bis(monoethyl 3,5-ditert-butyt-4-hydroxybenzyl]phosphonate], (IRGANOX® 1425, Ciba Specialty Chem- 

20 icals Corp.); 

1 .3,5'tris(3,5-di-teri-butyl-4-hydroxybenzyl) isocyanurate. (IRGANOX® 31 14, Ciba Specialty Chemicals Corp.); 
1 ,3,5-tris(3-hydroxy-4-tert-butyl-2.6-dimethylbenzyl isocyanurate. (CYANOX® 1790, Cytec). 

Phosphorus Compounds: 

25 

tris(2,4-di-tert-butylphenyl) phosphite. (IRGAFOS® 168, Ciba Specialty Chemicals Corp.); 
bis(2,4-di-ten-butyl-6-methylphenyl) ethyl phosphite, (IRGAFOS® 38, Ciba Specialty Chemicals Corp.); 
2,2V2"-nitrilo[triethyl-tris-(3,3',5,5'-tetra-tert-butyl-1,V-biphenyl-2.2'-diyl) phosphite), (IRGAFOS® 12, Ciba Spe- 
cialty Chemicals Corp.); 

30 tetrakis(2,4-di-butylphenyl) 4,4'-biphenylenediphosphonite. (IRGAFOS® P-EPQ, Ciba Specialty Chemicals 

Corp.); 

tris(nonylphenyl) phosphite, (TNPP®, General Electric); 

bis(2,4-di-tert-butylphenyl) pentaerythrityl diphosphite, (ULTRANOX®626. General Electric); 
2,2'-ethylidenebis(2.4-di-tert-butylphenyl) fluorophosphite, (ETHANOX® 398. Ethyl Corp.) 
3S 2-butyl-2-ethylpropan-1 ,3-diyl 2.4,6-tri-tert-butylphenyl phosphite, (ULTRANOX® 641 , General Electric). 

Benzofuran-2-ones: 

5,7-di-tert-butyl-3-(3.4-dimethylphenyl)-2H-benzofuran-2-one, (HP-136®. Ciba Specialty Chemicals Corp.). 

40 

Hydroxylamines: 

N.N-dialkylhydroxy (amine made by the direct oxidation of N.N-di(hydrogenated tallow)amine, (FS-042®. Ciba Spe- 
cialty Chemicals Corp.). 

4S 

Hindered amines: 

bis(2.2,6.6-letramelhylpiperidin-4-yl) sebacate. (TINUVIN® 770, Ciba Specialty Chemicals Corp.); 
the polycondensation product of 1 -(2-hydroxyethyl)-2,2.6.6-tetramethyl-4-hydroxypiperidine and succinc acid. 
so (TINUVIN® 622. Ciba Specialty Chemicals Corp.); 

N.N\N\N''-tetrakis[4,6-bis(butyl-1 2.2.6.6-pentamethylpiperidin-4-yl)amino-s4riazin-2-yll-1,10-di^ 
zadecane. (CHIMASSORB® 119. Ciba Specialty Chemicals Corp.); 

the polycondensation product of 4.4'-hexamethylenebis(aniino-2.2 6,6-tetramethylpiperldine) and 2,4-dichtoro- 
e-tert-octylamino-s-triazine. (CHIMASSORB® 944, Ciba Specialty Chemicals Corp.); 
ss the polycondensation product of 4,4'-hexamethylenebis(amino-2.2.6,6-letramethylpiperidine) and 2.4-dich!oro- 

6-nf»rpholino-s-triazine, (CYASORB® 3346. Cytec); 
2.2.6.6-tetramethylpiperidin-4-yl octadecanoate. (CYASORB® 3653 Cytec); 

3-dodecyl-1-(1-acelyl-2.2.6.6-tetramethylpiperidin-4-yl)-pyrTolidin-2.5-dione. (CYASORB® 3581. Cytec); 
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1 .3.54ris{N-cyclohe)cyl-N-[2-{2,2,6.64etramethylplpera2in-3-on-4-yl)ethyI)amino}-s-triazi^ (GOODRITE® 31 50. 
B.R Goodrich): 

poly[methyl 3-(2.2.6.6-tetramethylpiperidln-4-yloxy)propyl]siloxane. (UVASIL® 299. Enichem): 
the polycondensation product of 2,4-dichloro-6-(2,2.S.6-tetramethylpiperidin-4-yi)-butylamino)-s-trjazlne and 
5 2.2'ethyl6ne-bts{[2,4-(2.2,6.6-tetramethytpiperidtn-4-yl)butylarT)irio-s-triazin-6-yl]amin (HA 

8B). 

NOR hindered amines: 

TO bis(1-octyloxy-2.2,6.6*tetramethylpiperidin-4-yl) sebacate, (TINUVIN® 123, Ciba Specialty Chemicals Corp.); 

bis(1 ^tylo)(y-2,2.6,6-tetramethylpiperldin-4-yl) adipate: 
bis(1 -cyclohexyloxy-2,2,6,6-tetramethylpiperidin-4-yl) adipate; 
bis(1 -cyclohexybxy-2.2,6.6-tetramethylpiperidin-4-yl) sebacate; 
1 -cyclohexyloxy-2,2,6.6-tetramethylpiperidin-4-yl octadecanoate. 

IS 

Flame retardants: 

trls(3-bromo-2.2-bis(bromomethyI)propyl) phosphate, (PB 370(B). FMC Corp.); decabromodiphenyl oxide, (DB- 
DPO); 

20 ethylene bis-(tetrabromophthalimide). (SAYTEX® BT-93); 

ethylene bis-(dibromo-norbomanedicarboximide), (SAYTEX® BN-451) 

UV absorbers: 

2S 2-(2-hydroxy-3,5-di-a-cumylphenyI)-2H-benzotriazole, (TINUVIN® 234, Ciba Specialty Chemicals Corp.); 

2-(2-hydroxy-5-methylphenyl)-2H-benzotria2ole, (TINUVIN® R Ciba Specialty Chemicals Corp.); 
5-chloro-2-(2-hydroxy-3,5-di-tert-butylphenyl)-2H-benzotriazole, (TINUVIN® 327, Ciba Specialty Chemicals 
Corp.); 

2-(2-hydroxy-3.5-di-tert-amy!phenyl)-2H-benzotriazole, (TINUVIN® 328. Ciba Specialty Chemicals Corp.); 
30 2-(2-hydroxy-3-a-cumyl-5-tert-octylphenyl)-2H-benzotriazole, (TINUVIN® 92B, Ciba Specialty Chemicals Corp.); 

2,4-di-tert-butylphenyl 3,5-di-tert-butyI4-hydroxybenzoate. (TINUVIN® 120, Ciba Specialty Chemicals Corp.); 
2-hydroxy-4*n-octyloxybenzophenone, (CHIMASSORB® 81, Ciba Specialty Chemicals Corp.); 
2,4-bis(2,4-dimethyphenyl)-6-{2-hydroxy-4-octyloxyphenyl)-s-triazine, (CYASORB® 1164, Cytec). 

55 Example 1 : 2-Chtoro-4.6-bisrN-n-cvclohexvloxv-2.2.6.6-tetramethyipipBridln-4-yl)butylamtno]»s-tria7infl 

A mixture of 57.7 g (0.448 mol) of 70 % aqueous tert-butylhydroperoxide. 250 ml of cyclohexane and 1 00 ml of 
saturated sodium chloride solution is agitated vigorously and the organic layer is then separated and dried over anhy- 
drous nnagnesium sulfate. The drying agent is removed by filtration. The filtrate, 30.0 g (0.056 mol) of 2-chloro-4,6-bis 

40 [N-(2.2,6.6-tetramethylplperidin-4-yl)butylamino]-s-triazine and 1 .0 g of molybdenum trioxide are placed in a pressure 
bottle and heated at 130-140*C. The reaction mixture quickly turns red and heating is continued till the red color is 
discharged. The reaction mixture is allowed to cool and solids are removed by filtration. The filtrate is concentrated 
under reduced pressure to give an oil which is purified by flash chromatography on silica gel to afford 30.3 g. (74 % 
yield) of the title compound as a white glass. 

4^ Although the white glass is essentially the title compound, some minor amount of bridged material may also be 
present. 

Example 2: 2*ChtorO'4.6'bisfN-(1'OCtvtoxv-2.2.6.6-tetfamethvlpiperidin-4-yl)biitylaminn]-s.iria7infl 

W A mixture of 57.7 g (0.448 mol) of 70 % aqueous tert-butylhydroperoxide. 340 ml of octane, and 50 ml of saturated 

sodium chloride solution is agitated vigorously, and the organic layer is then separated and dried over anhydrous 
magnesium sulfate. The drying agent is rennoved by filtration. One-half of the tert-butyl hydroperoxide/octane solution 
is combined with 30.0 g (0.056 mol) of 2-chloro-4,6-bis[N-(2.2,6.6-tetramethylpiperidin-4-yl)butylamino]-s-triazineand 
1.0 g of molybdenum trioxide and the mixture is heated at reflux. Water is collected in a Dean-Stark trap. Once the 

SS mixture turns red, the remaining tert-butyl hydroperoxide/octane solution is added over a three-hour perkxj while the 
reaction mixture is maintained at reflux. The mixture is heated for an additional hour to discharge the red color. The 
reaction mixture is then cooled to room temperature and soIkIs are renwved by filtration. The filtrate is concentrated 
under reduced pressure to obtain an amber oil which is purified by flash chromatography on silica gel (40:1 . heptane/ 
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ethyl acetate) to afford 32.7 g (74 % yield) of the title compound as a cotorless syrup. 

Although the cotorless syrup is essentially the title compound, a minor amount of bridged material may also be 
present. 

5 Example 3 : Reaction of 2.4-bisI(l -cydohexyloxy-2.2,6.6-piperidin-4-yl)butylamino]-6-ch!oro-s-triazine with N.N -bis 
(3-aminopropyl)ethylenediamine 

A mixture of 6.4 g (37 mmol) of N.N'-bis(3-aminopropyl)ethylenediamine, 107.6 g (147 mmol, 4.0 equivalents) of 
2.4-bis[(1-cyclohexyloxy-2.2,6,6-tetramethylpjperidin-4-yl)-butylamino]-6-chtoro-s-triazine. as prepared in Example 1. 
10 as a 70 % solution in cyclohexane, and 31 .0 g of 20 % aqueous sodium hydroxide solution is heated at 160*C for four 
hours. The reaction is cooled and diluted with 60 g of cyclohexane. The aqueous Jayer is removed, the organic layer 
is concentrated and water is added to precipitate the crude product. The solids are washed with water till neutral and 
dried to afford 102 g of product. 

Analysis: Although four equivalents of the 6-chtoro-s-tria2ine are used per one equivafent of tetraamlne. nmr anal- 
15 ysis shows that on average only three triazinyl groups are attached to the amine backbone. 

The product ts a mixture of isomers including bridged compounds. The mixture can be separated by preparative 
chromatography into the pure components, particularly the two non-bridged formula isomers discussed earlier. 

Example 4: Reaction of 2.4-bis[(1-cyclohexyloxy-2.2.6.6-piperldin-4-yl)butylamino]-6-chloro-s-triazine with N.N'-bis 
20 (3-aminopropyl)ethylenediamine 

The procedure of Example 3 is repeated, except that 3.0 equivalents of 2.4-bis[(1-cyclohexyloxy-2.2,6.6-tetram- 
ethylpiperidin-4-yl)butylamino]-6-chioro-s-triazine are used and the reaction is carried out at 120*^C over riine hours. 
Again, this product is a mixture of isomers including bridged compounds. Analysis by nmr shows that on average 
2S between 2.5 and three triazinyl groups are attached to the amine backbone. The Tg for this product is 104-118»C as 
measured by DSC. 

Example 4a Comparative Example 

30 The compound of Example 62 of U.S. 5.204.473 is prepared by reacting the hindered amine precursor (CHIMAS- 

SORB® 905, Ciba), having four substituted s-trlazinyl groups attached to the 3,3'ethylenediiminodipropylamine back- 
bone, with molybdenum trioxide and cyclohexane to form the corresponding 1-cyclohexyloxy compound. This com- 
pound is supposedly tetrasubstituted as based on the original CHIMASSORB® 905 starting material. However, nmr 
and GPC analyses indicate that under the reaction conditions considerable scission of s-triazlnyl groups and'the for- 

35 mation of unknown colored by-products may have occurred and that only two s-triazinyl groups may still be bonded to 
the amine backbone. 

In order to distinguish the instant trisubstituted" compound of Example 4 from this prior art compound of Example 
62 of U.S. 5.204.473. here designated as Example 4a. the Tg of each compound is determined by DSC. and each 
compound is subjected to DSC and TGA analyses. 

40 
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1$ 
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Example 4a 




88-93 






Example 4 




104-118 








DSC Analysis* 
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Peak C^C) 




Example 4a 


exotherm 
exotherm 


141 
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292 
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exotherm 


22S 
269 
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299 








TGA Anal/sis** 
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10% 


50% 






wl loss. (*C) 




Example 4a 




171 


260 


321 


Example 4 




254 


285 


365 



•DSC scans (10»C/min to 350»C, 100 ml/min Nj. Al pans. - 10 mg) 
DSC • Estimate of error. Enthalpy (o ±10 %: Temp, to ±2*C. 



•*TGA scans (10*C/mln to SOO^C. 100 ml/min Ng, Al pans, .10 mg) 
TGA • Estimate of error. Temp, to ±5*0: Weigttt to ±0.5 % absolute. 



It is Clear from these data that the instant compound of Example 4 made by a different procedure from the prior 
30 art compound of Example 62 of U.S. 5.204,473 is not the same material at all and that the instant compound of Example 
4 is far more thermally stable than is the prior art compound of Example 62. 

Example 5: Reactbn of 2.4-bis[(1-cyclohexytaxy-2.2,6.6-pipBrldin-4-yl)butylamjno}-6-chloro-s-triazine with N.N'-bis 
(3-aminopropyl)elhylenedlamine 

3$ 

The procedure of Example 4 is repeated, except that 2.5 equivalents of 2,4-bis[(1-cyclohexyloxy-2,2.6,6-tetram- 
ethylpiperidin-4-yl)butylamino]-6-chloro-s-triazlne are used. 

This product is also a mixture of isomers including bridged compounds. Analysis by nmr shows that on average 
between 2.5 and three triazinyl groups are attached to the amine backbone. 
40 The Tg for this product is 1 09-1 1 6*C as measured by DSC. 

Example 6: Reaction of 2.4-bis[(l-cyclohexyloxy-2.2.6.6-piperidln-4-yl)butylamlno]-6-chIoro-s-triazine with N,N'-bis 
(3-amlnopropyl)ethylenediamlne 



The procedure of Example 4 is repeated, except that 2.0 equivalents of 2.4-bis[(l-cyclohexyloxy-2,2.6.6-tetram- 
ethy!piperidin-4-yl)butylamlno]-6-chloro-s-triazlne are used and the reaction is carried out at 120*C over five hours. 

This product is a mixture of isomers Including bridged compounds. Analysis by nmr shows that on average two 
triazinyl groups are attached to the amine backbone as expected. 

The Tg for this product is 101 -114*0 as measured by DSC. 

Example 7: Purif icatbn of the Reaction product of 2.4-bis[{1 -cyclohexyloxy.2.2.6.6-piperidin-4.yl)butylamlno]-6-chloro- 
s-triazine with N.N'-bis(3-aminopropyl)ethylenediamine 



A portion of the product mixture obtained in Example 4 is dissolved in toluene and passed throu^ a column of 
Phenomenex^ (10 mfcrons) with toluene as the eluent. Fractions are collected and analyzed by gel permeatk)n chro- 
matography Material having a molecular weight distribution consistent with tris-substituted product is isolated by evao- 
orating the solvent. 
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Example B: Reaction of Pure 2.4-bis[(1-c7clohexyloxy-2.2.6.S-piperidin-4-yl)butylamino]-6-chloro-s-triazinG with N.N*- 
bis(3-aminopropyl)ethylenediamine 



Tributyltin hydride is added to a solution of excess 1 >oxyl-2,2.6,6-tetramethyipiperidin-4-one and cyclohexyl iodide 
in chlorobenzene. The mixture is passed through silica gel with heptane/ethyl acetate to obtain 1 -cyclohexyloxy- 
2,2,6.6-tetramethylpiperidin-4-one. which is free of any bis(4-oxo-2.2.6.6-tetramethylpiperidin-1-ybxy)cyclohexane 
bridged material. 



Step 2 



A mixture of the compound prepared in step 1 above, n-butylamine, methanol and 5 % platinum-on-carbon catalyst 
is hydrogenated (50 psi, 25*C). The catalyst is removed by filtration, and the filtrate is evaporated to afford 4-buty lam ino- 
75 1 -cyclohexyloxy-2.2,6.6-tetramethylplperidine. 



Two equivalents of the compound prepared in step 2 are added to a mixture of cyanuric chloride and xylene at 
20 40*C. Sodium hydroxide is added, and the mixture is heated to Q&'C till the reaction is complete. The reaction mixture 
is cooled, and water is added. The organic layer is washed with dilute acid, water, dried, and evaporated to afford 
2,4-bis-{(1-cyclohexyloxy-2,2,6,6-tetramethylpiperidin-4-yl)butylamino]-6-chloro-s-triazine. 

By Its method of preparation, this intermediate is clearly not a mixture of compounds such as may be the case 
with the Intermediate made in Example 1. 

2S 

Step 4 

A mixture of N,N'-bis(3-aminopropyl)ethylenediamine and 3.0 equivalents of the compound prepared in step 3 Is 
reacted according to the procedure in Example 4. 

30 

Example 9: Reaction of 2,4-bis[(1-octyIoxy-2.2.6,6-piperidln-4-yl)butylamino]-6-chloro-s-triazlne with N.N'-bis 
(3-amlnopropyl)ethylenediamine 

A mixture of N.N -bis(3-aminopropyl)ethylenediamine: 3 equivalents of 2.4-bis[(1 -octyloxy-2,2,6,6-tetramethylpipe- 
35 ridin-4-yl)butylamino]-6-chloro-s-tria2ine prepared in Example 2 as a solution in octane, and 20 % aqueous sodium 
hydroxide solution Is heated at 120^0 until the reaction is complete. The reaction mixture is cooled, the organic layer 
is washed with water till neutral, and solvent is evaporated to afford the product mixture. 
The nmr analysis is consistent with the expected product of this reaction. 

Example 10 : Reaction of 2,4-bis[(1 -methoxy-2.2.6,6-piperidin-4-yI)butylamino]-6-chloro-s-triazlne with N.N'-bis 
(3-aminopropyl)ethylenediamine 

A mixture of N,N'-bis(3-aminopropyl)ethylenediamine, 3 equivalents of 2,4-bis[{1-methoxy-2.2.6,6-tetramethyl- 
piperidin-4-yl)butylamino]-6-chloro-1 .3,5-triazlne a solution in cyclohexane. and 20 % aqueous sodium hydroxide so- 
lution is heated at 120'C until the reaction is complete. The reaction mixture is cooled, the organic layer is washed 
with water till neutral, and solvent is evaporated to afford the product mixture. 

Example 11 : 



so Fiber grade polypropylene/containing 0.05 % by weight of calcium stearate and 0.05 % by weight of the hydrox- 

ylamine made by the direct oxidation of N.N-di(hydrogenated tallow)amine is dry blended with the test additives and 
then melt compounded at 234*C (450*F) into pellets. The pelletized fully formulated resin is then spun at 246*C (475'* F) 
Into fiber using a Hills laboratory model fiber extruder. The spun tow of 41 filaments is stretched at a ratio of 1 :3.2 to 
give a final denier of 615/41 . 

55 Socks are knitted from the stabilized polypropylene fiber on a Lawson-Hemphrll Analysis Knitter and exposed in 

an Atlas Xenon-Arc WeatherOmeter using SAE J 1385 Interior AutonrKJtiveconditons at 89**C bpt. 0.55 kW/cm^ at 340 
nm with no spray cycle Failure in this test is determined by the observation of the physfcal failure of the sock when it 
is 'scratched' with a blunt glass rod. The longer it takes for this catastrophic failure to occur, the more effective is the 
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0.25 % by weight of the instant compound mixture of Example 4 or containing 0.25 % by ^^l^' ^^^^^^T^^^^^ 
Examole Sfail after 700 hours of exposure. The sock containing 0.5 % by weight of the instant compound of Exampte 
5 "rarioi? hours: while socks with 0.75 -/o by weight of the compound of Example 4 have not failed after 1000 
hours exposure. 

Example 12 : 

10 Other socks of propylene fiber as prepared in Example 11 are exposed in a Blue M forced draft oven at 1 20*0. 
FailurrfdeTerihied by the criterion set forth in Example 11 . The longer tt takes for the catastrophe failure to occur, 
the more effective is the stabilizing system. 

The socks containing the instant compounds exhibit good thermal stabilization efficacy. 

IS Example 13 : 

Film grade polyethylene is dry blended with approximately 10 % by weight of the test additives and then melt 
compounded at 200'C into -Masterbatch' pellets. The "Masterbatch' is dry blended with potyethylene resin to get the 
desired final stabilizer concentration. This stabilized fully fomnulated resin is ther. blown at 200^C Into a 150 micron 

20 thick film on a iX)LCI film line. 

The blown films are exposed in an Atlas Xenon-Arc WeatherOmeter accotd»ig to ASTI^ G26 at 63 C bpt, 0^35 
W/m2 at 340 nm with no spray cycle. Films are tested periodically for any change in etongation usmg an 'nstron 112 
tensile tester. Failure in this test is determined by observation of the loss of % etongation In the film. The loriger it takes 
for this loss to occur, the more effective is the stabilizer system. 

25 The films containing the instant compound mixture show good light stabilizing efficacy. 

Example 14 : 

IVIolded test specimens are prepared by injection molding thermoplastic olefin (TPO) pellets containing a pigment. 
30 a phosphite a phenolic antioxidant or hydroxylamine. a metal stearate. a UV absorber or a hindered amine stabilizer 
or the hindered amine compounds of formulas I, II. IIA and III: or a mixture of hindered amine and UV absorber 

Pigmented TPO pellets are prepared from pure pigment or pigment concentrate, stabilizers, coadditives and com- 
mercially available themwplastic olefin by mixing the components in a Superior/MPM 1* single screw extrader with a 
general all-purpose screw (24:1 UD) at 400»F (200«C), cooled in a water bath and pelletized. The resulting formulated 
35 pellets are moMed into60 mil (0.006inch) thlck2- x 2' plaques at about 375»F (190»C) on a BOY 30M Injection MoWing 

'^^'^Pigmented TPO formulatton composed of polypropylene blended with a rubber modifier where the rubber modifier 
is an in-situ reacted copolymer or blended product containing copolymers of propylene and ethylene with or without a 
ternary component such as ethylidene norbomene are stabilized with a base stabilization system consisting of an N. 
40 N-dBlkylhydroxylamine or a mixture of hindered phenolto antioxidant and an organophosphorus compound. 

All additive and pigment concentration in the final formulations are expressed as weight percent based on the ream. 

The test formulattons contain thermoplastic olefin pellets and one or more of the following components: 

0.0 • 2.0 % pigment 
45 0.0 - 50.0 % talc 

0.0 - 0.5 % phosphite 

0.0 - 1 .25 % phenolic antioxidant 

0.0 • 0.1 % hydroxylamine 

0.0 • O S % calcium stearate 
so 0.0-1 .25 % UV absorber 

0.0 - 1.25 % hindered amine stabilizer 

The components are dry blended in a tumble dryer prior to extrusion and molding. 

Test plaques are mounted in metal frames and exposed in an Atlas Ci6S Xenon Arc WeatherOmeter at 70»C black 
55 panel temperature. 0.55 W/m* at 340 nm and 50 % relative humWity with intermittent light/dark cycles and water spray 
according to the Society of Automotive Engineers (SAE J 1 960) test procedure. Specimens are tested at approximately 
625 kHojoule intewals by performing color measurments on an Applied Cotor Systems spectrophotometer by reflect- 
ance mode according to ASTIWI D 2244-79. Data collected include delta E. L*. a* and b* values. Gtoss measurments 
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are conducted on a BYK-QARDNER Haze/Gloss Meter at 60^ according to ASTM D523. 

UV Exposure Testing - Test specimens exposed to UV radiation exhibit exceptional resistance to phot ©degradation 
when stabilized with light stabilizer systems comprised of a combination of a benzotriazole UV absorber and the hin- 
dered amine compounds of formula i. II, HA and III. 
5 The stabilized samples specifically show improved gloss retention compared to the prior art stabilizer systems. 

Resistance to cobr change upon UV exposure is also enhanced. Polymer blends containing an unsaturated ternary 
component, such as EPDM blends, especially show enhanced properties when stabilized by the instant systems. 

In all cases, the light stabilized formulations show much greater resistance to photodegradatbn than unstabilized 
specimens which fail quickly under UV exposure conditions as outlined above. 





AE 


AE 


gloss* 




% gloss retention 




hours 


hours 


hours 


hours 


hours 


hours 


Formulatton** 


0 


1668 


0 


1868 


0 


1868 


HALS A (0.2 %) + 
HALS B (0.2 %) 


0.0 


7.9 


74.5 


21.4 


100 


28.7 


HALS C (0.2 %) + 
HALS of Example 
4 (0.2 %) 


0.0 


4.6 


79.4 


72.2 


100 


90.9 



•a! 60* 

^ALS A is bB(2.25.6-t©tramethylpip©rkiin-4-yl) sebacate. 

HALS B IS the potyeondensation product of 4.4'-hexamethylene-bis(amino-22.6.6-tetFame1hylpipecidtne) and 2.4-dichloro-6-tert-oetylamina«- 
triazine. 

HALS C is bi6(1 •oclyloxy-2^.6.6-tetramethylplp9ridin-4-yl) sebacate. 



The final formulation contains 0.25 % of Pigment Red 177, 0.05 % of neopentanetetrayl tetrakis(3,5-di-tert-butyl- 
4-hydroxyhydrocinnamate). 0.05 % of tris(2,4-di-tert-butylphenyl) phosphite and 0.2 % of 2-(2-hydroxy-3,5-di-tert-amyl- 
phenyl)-2H-benzotriazole. Samples are 60 mil thick 2' x 2' injection molded plaques. The UV exposures are conducted 
^ under exterior automotive conditions according to SAE J 1 960 specifications. 

Example 15a: 

^ Film grade polyethylene is dry blended with 10 % loading of the test additives and then mett compounded at 200*0 

into master batch pellets. The master batch pellets are dry blended with the polyethylene resin to get the final stabilizer 
concentration. The fully formulated resin is then blown at 200*C into a 150 micron thick film using a DOLCI film line. 

The resulting films are exposed on a greenhouse on galvanized iron backing. Treatment includes applicatk:>ns of 
pesticides on a regular basis (i.e. sodium N-methyldithiocarbamate. VAPAM® every six months and SESMETRIN® 
every month). Performance is measured by monitoring the percent residual elongation. Failure is defined as the time 
to a 50 % loss of original elongation. 

The control film containing 0.4 % by weight of the polycondensation product of 4,4'-hexamethylene-bis(amino- 
2,2,6,6-tetramethylpiperidine) and 2.4-dichloro-€-tert-octylamino-s-tria2ine fails after 1 60 KLYS greenhouse exposure. 
The film containing 0.4 % by weight of the instant compound of Example 3 fails only after 300 KLYS exposure. These 
results show the resistance to pesticides of the instant compounds of formula I. II, IIA and III. 

Example 15b : 

Master batch pellets prepared as described in Example 15a are dry blended into polyethylene resin to get the final 
stabilizer concentration. The fully formulated resin is then blown at 200^0 into a 25 micron thick film using a DOLCI 
film line. 

The resulting films are exposed on a soil to simulate agricultural mulch film conditions. Treatment includes exposure 
to methyl bromide fumigant tor three days at 60 g/m^ Performance is measured by monitoring the time to physical 
embrittlement. 

^ The control containing 1.2 % by weight of the polycondensation product of 4.4'-hexamethylene-bis(amino- 
2,2,6,6-letramethylpiperidine) and 2,4-dichk>ro-6-lert-octylamlno-s-triazine fails after 70 KLYS outdoor exposure. The 
film containing 1 .2 % by weight of instant compound of Example 3 is still intact after 110 KLYS exposure. These results 
show the resistance of the instant connpounds of formula I. II, IIA and III to lumigants. 



BNSOOCIO, <EP 0B8P0B5A2J.> 



22 



EP 0 889 085 A2 



Example 16 : 

Greenhouse film samples are prepared as described in Example 15. but in addition to the instant compounds of 
formula 1, II. IIA and III also contain a metal stearate or a metai oxide. Typical fomnulations contain from 0.05 to 2 % 
s by weight of the instant hindered amines, 0.05 to 0.5 % of a metal stearate such as calcium oxide, and 0.05 to 0.5 % 
of a metal oxide such as zinc oxide or magnesium oxide. 

Effect i\'eness is monitored as described in Example 15. The films containing the instant hindered amine compounds 
exhibit good light stability. 

10 Example 17 : 

Polypropylene fiber is prepared as described in Example 11. In addition to the instant hindered amine compounds 
of formulas I, II, IIA and til, selected hatogenated flame retardants are also included in the formulation. The fiame 
retardants are tris(3-bromo-2.2-bis(bromomethyl)propyl) phosphate, decabromodiphenyl oxide, ethylene bis-(tetrab- 
15 romophthalimide], or ethylene bis-(dibromo-noFbomanedicarboxtmide). 

Using the criterion for light stabilization described In Exanrple 11. the socks knitted from the polypropylene fiber 
containing the instant hindered amines exhibit good light stability. 

Example 18 : 

20 

Molding grade polypropylene is dry blended with test additives and then melt compounded into pellets. In addition 
to the instant hindered amine compounds of fomnulas 1, 11, IIA and 111, selected flame retardants are also included. The 
flarne retardants are*ti'is(3-bromo-2,2-bis{bromomethyl)propyi) phosphate, decabromodiphenyl oxide, ethylene bis- 
(tetrabromophthalimide), or ethylene bis-(dibromo-norbornanedicarboximide). The pelletized fully formulated resin is 

2S then injection molded into test specimens using a Boy 50M laboratory model injection molder. 

Test plaques are mounted in metal frames and exposed in an Atlas CI65 Xenon Arc WeatherOmeter with inermittent 
light/dark cycles and water spray following the ASTM G26 test procedure. Specimens are tested at periodic intervals 
for changes in tensile properties. Failure in this test is determined by the obsen/atton of the loss of tensile properties. 
The longer It takes for the loss in properties to occur, the more effective is the stabilizer system. 

30 The test samples containing the instant hindered amine compounds exhibit good light stabilization properties. 

Example 19 : . 

Molded test specimens are prepared by injectbn molding thernnoplastlc olefin (TPO) pellets as described In Ex- 
3S ample 14. In addition to the Instant hindered amines of formulas 1, 11, HA and III, selected flame retardants are also 
included In the test specimens. The flame retardants are trls(3-bromo-2,2-bis(bromomethyl)propyl) phosphate, deca- 
bromodiphenyl oxide, ethylene bis-(tetrabromophthalimide), or ethylene bis-(dibromonorbornanedicarboximlde). 

The samples including the Instant hindered amines exhibit good light stabilizing activity 

40 Example 20 : 

Film grade polyethylene is compounded and blown into film at 200*C as described In Example 13 using a DOLCl 
film line. In addition to the instant hindered amines of formulas I, II. IIA and ill. selected flame retardants are Included 
in the formulation. The flame retardants are tris(3-bromo-2.2-bis(bromomethyl)propyl) phosphate, decabromodiphenyl 
4S oxide, ethylene bis-(tetrabromophthalimide), or ethylene bis-(dibromonorbornanedicarboximide). 

When tested for light stabilizing activity as described in Example 1 3, the films containing the instant hindered 
amines exhibit good stabilization. 

Example 21 : 

so 

MoWed test specimens are prepared by injection molding thermoplastic olefin (TPO) pellets containing the instant 
hindered amine compounds of formulas I, II, IIA and III, pigments and other coadditives as described in Example 14. 

The test specimens are painted with one-pack paint systems and tested for TPO/paint interactions. Before painting, 
the test specimens are first wiped with isopropanol and air blasted to remove any dust. After a five minute flash, these 
ss specimens are coated with the adhesion promoter then the base coat, and then optionally a clear coat. Typical film 
thickness of these various coatings are 0.1 -0.3 mils tor the adhesion promoter. 0.6-0.8 mils for the base coat, and 
1.2-15 mils for the clear coat Alter painting, the specimens are cured in an oven at 1 20"C for 30 minutes. 

Samples are tested to evaluate the TPO/paint interactions as follows: In the initial adhesion test, a clear celbphane 
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adhesive tape is used to pull on a 3 mm cross hatched paint surface or; in the humidity test, the painted plaques are 
exposed for 240 hours at dS^'C in an atmosphere having 98 % relative humidity. The blister rating is tested by visual 
observation according to ASTM D 714. 

The samples containing the instant hindered amine compounds exhibit good TFO/|paint interaction properties as 
s determined by the criteria above. 

Example 22 : 

Polyolefin resins including polypropylene, polyethylene homopolymer, polyolefin copolymer, or thermoplastic olefin 
10 (TPO) are dry blended with the instant hindered amine compounds of formulas I.I I , I i A and H I and then melt compounded 
into pellets. The palletized fully formulated resin is then processed into a useful article such as extrusion into fiber; 
blown or cast extrusion into film; blow molded into bottles; injection molded into molded articles; thermoformed into 
molded articles; extaided into wire and cable housing; or rotatbnal molded into hollow articles. 

The materials containing the instant hindered amine compounds exhibit stability against the deleterbus effects of 
75 UV light and thermal exposure. 

Example 23 : 

Articles prepared according to Example 22 which additionally contain selected organic pigments as well as the 
20 instant compounds of formulas I, II, IIA and III also exhibit stability against the deleterious effects of actinic light and 
thermal exposure. 

Example 24 : - " 

2S Articles prepared according to Example 22 which additionally contain a hindered phenolic antioxidant selected 

from the group consisting of neopentanetetrayl tetraki8(3,5- di-tert-butyM-hydroxyhydrocinnamate, octadecyl 3,5-di- 
te rt-butyl-4-hyd roxyhydrocinnamate, 1,3,5-trimethyl-2,4,6-tris{3,5-di-tert-butyl-4-hydroxybenzyl)benzene, 1,2-bis 
(3,5-di-tert-butyl-4-hydroxyhydrocinnamoyl)hydrazine, calcium [bis(monoethyl 3,5-ditert-butyl-4-hydroxybenzyl)phos- 
phonate], 1.3.5-tris(3,5-di-tert-butyl-4-hydroxybenzyl) tsocyanurate and 1 ,3,5-tris(3-hydroxy-4-tert-butyl-2,6<iimethyl- 

30 benzyl) isocyanurate, as well as the instant compounds of formulas I, II. IIA and ill also exhibit stability against the 
deleterious effects of actinic light and thermal exposure. 

Example 25 : 

35 Articles prepared according to Example 22 which additionally contain an organophosphorus stabilizer selected 

from the group consisting of tris(2.4-di-tert-butyl-phenyl) phosphite, bis(2,4-di-tert-butyl-6-methylphenyl) ethyl phos- 
phite. 2,2'.2''-nitrib[triethyl-tris-(3,3',5,5'-tetra-tert-butyl-1 . 1 •-biphenyl-2.2'-diyl) phosphite], tetrakis(2,4-di-butylphenyl)- 
4,4'-biphenylenediphosphonite, tris(nonylphenyl) phosphite, bis(2,4-di-tert-butylphenyl) pentaerythrltyl diphosphite, 
2,2'-ethylidenebis(2,4-di-tert-butylphenyl) fluorophosphite and 2-butyl-2-ethylpropan-1 .3-diyl-2,4,6-tri-tert-butylphenyl 

40 phosphite as well as the instant compounds of formulas t, II, IIA and III also exhibit stability against the deleterious 
effects of actinic light and thermal exposure. 

Example 26 : 

^ Articles prepared according to Example 22 which additionally contain a benzof uranone stabilizer which is 57-di- 

tert-butyl-3-(3.4-dimethylphenyl)-2H-benzofuran-2-one. as well as the instant compounds of formulas I. II, IIA and III 
also exhibit stability against the deleterious effects of UV light and themial exposure. 

Example 27 : 

so 

Articles prepared according to Example 22 which additionally contain a dialkylhydroxylamine stabilizer which is N, 
N-dialkylhydroxylamine made by the direct oxidation of N,N-di(hydrogenaled tallow)amine as well as the instant com- 
pounds of formulas I. II, IIA and III also exhibit stability against the deleterious effects of actinic light and thermal 
exposure. 

55 

Example 28 : 

Articles prepared according to Example 22 which additionally contain other hindered amine stabilizers selected 
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from the group consisting of bis(2,2.6,6-tetramethylpiperidin-4-yl) sebacate. the polycondensation product of 1 -(2-hy- 
droxyethyl)-2,2.6,6-tetramethyl-4-hydroxypiperldine and succinic acid. N,N\ N",N"-tetrakis[4.6-bis(butyl- 
1.2.2.6.6-pentam8thylpiperidin-4-yl)amino-s-triazin-2-yl]-1 ,10-diamino-4J-diazadecane, the polycondensation prod- 
uct of 4,4'-hexamethylenebis{amino-2.2.6,6-tetramethylpiperidine) and 2.4-dichlo.ro-6-tert-octylamino-s-triazine. the 

s polycondensation product of 4,4'-hexamethylenebts(annino-2.2.6,6-tetramethylpiperidine) and 2.4-dichloro-6-mor- 
pholino-s-triazine. 2.2,6,6-tetramethylpiperidin-4-yl octadecanoate. 3-dodecyi-1 -(1 -acetyl-2.2:6,6-tetramethyipiperid- 
in-4-y!)-pyrrolldin-2,5-dbne, 1,3,5-tris{N-cyclohexyl-N-[2-(2,2,6,6-tetramethylpipera2in-3-on-4-yl)ethyl]amino}-s-tri- 
azine, poly[methyl-3-(2.2,6,6-tetrannethylpiperidtn-4-yloxy)propyl]siloxane, the polycondensation product of 2,4-dichlo- 
ro-6-(2,2,6,6-tetramethylpiperidin-4-yl)butylamino)-s-triazine and 2,2'ethylene-bis{[2,4-(2,2,6,6-tetramethylpiperidin- 

10 4-yl)butylamino-s-triazin-6-yl]aminotrinnethyteneamino) as well as the instant compounds of formulas I, II. MA and 111 
also exhibit stability against the deleterious effects of actinic light and thermal exposure. 

Example 29 : 

IS Articles prepared according to Example 22 which additionally contain other N-hydrocarbytoxy substituted hindered 

amines selected from the group consisting of bis(1 -octyioxy-2,2,6,6-tetramethylpiperidin-4>yl) sebacate. bls(1 -octyioxy- 
2,2,6,6-tetramethylpiperidin-4-yl) adipate, bis(l<yclohexybxy-2,2.6,6-tetramethylpiperidin-4-yl) adipate, bis(1-cy- 
clohexybxy-2,2,6,5-tetramethylpiperidin-4-yl) sebacate, and 1 -cyclohexyloxy-2.2,6,6-tetramethylpiperldin-4-yl octa- 
decanoate as well as the instant compounds of formulas I. II, 11, IIA and III also exhibit stability against the deleterious 

20 effects of actinic light and thermal exposure. 

Example 30 : 

Articles prepared according to Example 22 which additionally contain a o-hydroxyphenyl-2H-benzotriazole, a hy- 
2S droxyphenyl benzophenone or a o-hydroxyphenyi-s-triazine UV absorber selected from the group consisting of 2- 
(2-hydroxy-3,5-di-a-cumylphenyI)-2H-benzotria2ole, 2-(2-hydroxy-5-methylphenyl)-2H-benzotria20le, 5-chloro-2- 
(2-hydroxy-3,5-di-tert-butylphenyl)-2H-benzotriazole, 2-{2-hydroxy-3,5-di-tert-amylphenyl)-2H-benzotria20le, 2-(2-hy- 
droxy-3-a-cumyl-5-tert-octylphenyl)-2H-benzotriazole. 2,4-di-tert-butylphenyl-3.5-di-tert-butyW-hydroxybenzoate, 
2-hydroxy-4-n-octytoxybenzophenone and 2,4-bis(2.4-dimethylphenyl)-6-(2-hydroxy-4-octyloxyphenyl)-s-triazlne as 
30 well as the instant compounds of formulas 1. II, ilA and 111 also exhibit stability against the deleterious eflects of UV 
light and thermal exposure. 

Whereever mentioned in specification or claims, the moiety of the formula 



3S 



40 




stands for a residue 2.2.6,6-tetramethylpiperidyl (bonded in positions 1 and 4). 

45 

Claims 

1. A composition stabilized against thermal, oxidative or light-induced degradation which comprises, 

so (a) an organic material subject to thermal, oxidative or light-induced degradation, and 

(b) a mixture of N,N\N"^tris{2,4-bis[0-hydrocafbyloxy-2.2.6,6-tetramethylpiperidin-4-yl)alkylamino]-s-triazin- 
6-yl}-3.3'-ethylenediiminodipropylamine; N.N',N'-tris{2,4-bis[{1-hydrocarbyk)xy-2.2.6.6-tetramethylpiperidin- 
4-yl)alkylamino]-6-triazin-6-yl)-3,3'-ethylenediiminodipropylamine and bridged derivatives as described by for- 
mulas i. II, IIA and III 

55 

NH-CH2CH2CH2NR2CH2CH2NR3CH2CH2CH2NHR^ (I) 
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T-E,-T, (II) 

T-E, (IIA) 
G-E,-G,-E,-G2 (III) 

wherein E Is 




and where in the tetraamine of formula I, 

so 

and R2 are the s-triazine moiety E; and one of R3 and R4 is the s-triazine moiety E with the other of ^ and 
R4 being hydrogen. 

^ R is methyl, cyclohexyl or octyl, 

Rg is alkyl ofl to 12 cart)on atoms, 
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where in the compound of formula II or IIA when R is cyclohexyl or octyl. 

T and are each a tetraamine substituted by ^yf^ as defined for formula I. where 

5 (1) one of the s-triazine nrwleties E in each tetraamine is replaced by the group which forms a bridge 

between the two tetraamines T and T,, or 

(2) the group Ei can have both termini in the same tetraamine T as in formula IIA where two of the E 
moieties of the tetraamine are replaced by one E^ group, or 

70 

(3) all three s-triazine substituents of tetraamine T can be E^ such that one E, links T and T, and a second 
E^ has both termini in tetraamine T 

L is cyclohexandiyi or octanediyl; 

75 

where in the compound of formula III 

G. and G2 are each tetraamines substituted by R1-R4 as defined for formula I, except that G and Gg each 
have one of the s-triazine moieties E replaced by E^, and G^ has two of the triazine moieties E replaced by E^, so 
that there is a bridge between G and G^ and a second bridge between G^ and G2. 

20 

2. A composition according to claim 1 wherein the organic material (component a) is a natural, semi-synthetic or 
synthetic organic polymer, especially a polyolefin. 

3. A composition according to claim 1 wherein in the E and E^ moieties of the compounds of component (b), R is 
ss cyclohexyl or octyl, and R5 is butyl. 

4. A composition according to claim 1 wherein component (b) is contained in an amount of 0.005 to 5 % by weight 
of the stabilized composition. 

30 S. A composition according to claim 1 which additionally contains an effective stabilizing amount of at least one 
coaddltive stabilizer selected from the group consisting of the phenolic antioxidants. 2-(2'-hydroxyphenyl)-benzo- 
triazoles. hydroxyphenyl-s-triazines, metal stearates. metal oxides, organophosphorus compounds, furanone anti- 
oxidants, hydroxyiamines, sterically hindered amines and mixtures thereof 

35 6. A composition according to claim 2 wherein component (a) is a polyolefin which is exposed to pesticides or contains 
a halogenated flame retardant. 

7. A mixture of N,N\N'Mris{2,4-bis[(l-hydrocarbyloxy-2,2.6,64etramethy!plperidin-4-yI)alkylamino]-s-triazin-6-yl^^ 
3,3'-ethylenediiminodipropylamine; N,N',NMris{2,4-bis[(1-hydrocarbybxy-2,2.6,6-tetramethylpiperidin-4-yl) 
40 alkylamino]-s-triazin-6-yl}-3,3'-ethylenediiminodipropylamine, and bridged derivatives as described by fonrnulas I, 
II, IIA and III 

R, NH-CH2CH2CH2NR2CH2CH2NR3CH2CH2CH2NHR^ (I) 

45 

T-E,.T, (II) 



T-E, (IIA) 



G.E,.G,.E,.G2 



(III) 
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40 where in the tetraamine of formula I, 

and are the s-trlazine moiety E; and one of R3 and R4 is the s-triazine moiety E with the other of R3 and 
R4 being hydrogen, 

4S R is methyl, cyclohexyl or octyl. 

R5 Is alkyi of 1 to 12 carbon atoms. 

where in the compound of formula 11 or IIA when R is cyclohexyl or octyl, 

so 

T and T| are each a tetraamine substituted by Ri*R4 as defined for formula I, where 

(1) one of the s-triazine moieties E In each tetraamine is replaced by the group E, which forms a bridge 
between the two tetraaminee T and T^. or 

55 

(2) the group E^ can have both temnini in the same tetraamine T as in formula IIA where two of the E 
nx>tettes of the tetraamine are replaced by one E^ group, or 
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(3) all three s-triazine substituents of tetraamine T can be E, such that one E, links T and T, and a second 
E, has both temninl in tetraamine T 

L is cyclohexandiyl or octanedlyl; 

have aie of the s-triazine moieties E replaced by E, , and G, has two of the trezjne mo.et> es E replaced by E, . so 
that there is a bridge between 6 and G, and a second bridge between G, and Gg- 

8. The mixture of compounds according to claim 7, wherein R is cyclohexyl or octyl. 

9 A composition obtainable by reacting two to four equivalents of 2.4-bls((1-hydrocarbyloxy-2.2.6.6-piperidin^-yl) 
■ butylaminol-6-chloro-s-triazine with one equivalent of N.N'-bis(3^minopropyl)ethylenediamine. 

10 A process of making the mixture of N.N\N-^tri8{2.4-bis[(1-hydrocarbyloxy-2,2,6,6-tetramethylpiperidin-4-^ 
l5Snol-s-tria2in-6yll-3,3-ethylenedl1minodipropylamine; N,.N-.N-.tri5l2.4-bisl(1-hydrocarbyloxy-2.2 6.6-te- 

SrhylpUr!^^^^^^^ 

described bv formulas I, II, IIA and 111 according to clainn 7 which comprises . , ^ u. 

rS3to^our equK«lents of 2.4-bis[(1-hydrocarbyloxy-2.2.6.6-piperidin-4-yl)-butylam.nol^-chloro^- 
triazine with one equivalent of N.N*-bis(3«minopropyl)ethylenediamine. 

11. Process according to claim 10. wherein hydrocarbyloxy is octyloxy or cyclohexyloxy and wherein 2.5 to three 
equivalents of the s-triazine are reacted with one equivalent of the amine. 



12. A compound 

a) N,N\N"Mris{2,4-bisl(1-cyclohexyloxy-2.2,6,6-tetramethylpiperldin-4-yl)n-butylamino]^-triazin-6i^l}-^ 

ethylenediiminodipropylamine; . ■ ^ n o 

30 b) N.N\NMris{2.4-bislC1^yclohexyloxy-2.2.6.64etramethylpiperidin-4-yl)n.butylan^in^ 

d?'™N\NSK 
diiminodipropylamlne. 
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